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INTRODUCTION.* 

BT FRANK B. GIU^ETH, 
CanmltiDg Engineer, New York, N. Y. 

The purposes of the papers of this Bessioii are to show : 

1. "What scientific management is. 

2. What it can do. 

3. Its possible bearing upon, and application to, academic 
efficiency. 

Scientific management is measured, fnnetionalized manage- 
ment, — ^management that has submitted to measurement, and 
that has, through the results of this measarement, so divided 
and arranged its work as to demand and utilize individuality 
in its workers. 

We may well represent such management by the following 
fanctional chart. 

"X-x" represents the division between the planning and 
the performing. The five circles above the line "x" represent 
the superintendent and the four functions of the planning 
department, — the five circles below the line "x," the four 
functions of the performing department and the individual 
worker. The lines connecting the various circles represent 
the lines of authority, if read downward ; the paths from which 
direction and teaching come, if read upward. 

This chart not only shows the method of operation of scien- 
tific management, but also indicates the universality of its 
field of application. 

It is this universality that the various speakers and writers 
at this sesoon will show. They are all men of action, whom I 
have persuaded to leave their work for today to tell you of 
their interpretations and applications of the principles of 

■ Introdnetury remarks by Chairman GUlireth at the seuloii of tbe 
Boston Convention of tbe 8. P. E. E. deTot«d to seientifla management. 
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scientific management as laid down by its founder, Dr. 
Frederick W. Taylor. Men of widely varying training and 
experience, they are all versed in the practice as well aa the 
theory of scientific management, and all helieve that throi^h 
scientific management alone can the prohlems of the academic 
as well as the industrial world be attacked and eolved. It ia 
to this belief that they have come here to testify today, and 
they will bring tA you such justification for their belief that 
we know you too must believe. 




With measurement has come the day of science. "With 
scientific management, the result of measurement, has come 
the application of the laws of science to all work, — ^youra and 
ours. This is the message that we bring to you today, — and 
it is to this message that I know you desire to listen. 

We all, — President Raymond, Dean Anthony, Professor 
Norris and myself, have cooperated to make it possible that 
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this message be brought to yoxu It has back of it a unity of 
purpose and will. We ask, now, your cooperation in eaTT7ii^> 
it to all the great schools and colleges that yoa represent. 
Throi^h yottr coSperation only can it be made possible that 
scientific management shall come into its own as the great 
bridge connecting and onifying the academic and the indos- 
trial worlds. 
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EDUCATIONAL DEMANDS OF MODERN 
PROGRESS. 

BT HABBINaTON EMEB80N, 
Prerident of Tbe Emenon Company, New Tork Gtj. 

Erie is a fairly peaceful lake, quite aavigable by sailors 
of ordinary prudence and skill. 

Ontario, furUier down stream, is another peaceful lake, also 
quite navigable by sailors of ordinary prudence and skill. 

Between the two lakes courses the Niagara River. No 
amount of skill, no prudential methods insuring success on 
Lake Erie are of any use in the rapids above and below the 
falls, especially of no use in the thousand feet of swirl which 
include the cataract. If the boatman can make the portage 
from the upper to the lower lake, he may again use his old 
skill. 

But Lake Ontario narrows into the St. Lawrence and in 
time this river broadens out into tbe Atlantic. Even the 
skill of the French Canadian pilot through the rapids of the 
St. Lawrence would not avail, would not fit him to navigate 
either sailer or steamer across the great oceans. The qualities 
of courage, resonreefulness, calmness will connt, but not previ- 
ously-acquired specific knowledge of streams and shores. 

Time is also a river. It also has its lakes, its rapids and its 
issnance into a limitless oceau. 

We, voyagers down the river, are now already in the stormy 
channel between two epochs. As never before in the history 
of the world has past knowledge, past experience, past skill, 
counted for so little, and never before in the history of the 
world have men been so poorly prepared for what was ahead 
of them. 

Go back in Europe, one, five, ten, fifteen centuries, and it is 
routone that counted. The lives of 95 per cent of men and 
women were fixed by status. The men died of tdd age near 
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where they were bom, working at their fathers' and grand- 
fathers' trade. As with Chinese women, it was absolntely 
necessary to begin mental, phyncal, moral foot-bindery at the 
earliest possible age. The Arabs are livii^ to-day as they 
lived in the time of Abraham. Neither their language, nor 
their onstoms, nor their clothes, nor their food has changed. 
Forty years ago in Germany, in Italy, in Greece little girls 
were tanght to knit and spin and were kept at it every possible 
minute from dawn until dusk, until death came to them as old 
women. Routine training was all important because routine 
work constituted nearly all of the world's work. 

But routine training has not fitted the boatman on the 
waters of life to cope with the rapids between one epoch and 
another, has particularly not fitted the boatman who has 
floated down a narrow river confined by the banks of routine 
to navigate a limitless ocean. 

At El Tovar, on the brink of the Grand Canon of the 
Colorado, is a battered boat. It belonged to two inexperienced 
men who, in it, cama down the full lei^th of the river. 
Although the Colorado is one of the most difficult and danger^ 
ons rivers in the world, even danger can belong to routine. 
Each rapid is laigeiy a repetition of the others. These men 
acted with typical routine inspiratitm. Th^ floated their 
boat down stem foremost, rowing against the current, point- 
ing at what was behind and not at what was ahead. 

This simile likening time to a river, likening disturbing 
epodis to cataracts, likening the fatnre to the limitless ocean, 
m^ be picturesque, but I shall justify it. . 

When previous experience of an industrial kind is not avail- 
able, then we most use contemporary experience of a similar 
kind. 

Baces of plants, of insects, of animals, have met crises for 
which previous experience was not available. Those who 
made the most mistakes perifdied ; those who made the fewest, 
survived. The survivors can give us snggestionB. 

The aphides, plant insects, are normally without wings. 
One generation succeeds another with monotonous regolarity. 
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There is nothing to do but stick fast to the partionlar plant 
imtil its leaves have been devoured or are withered. When 
famine oeonrs what do the aphides dof The next generation 
has wings and flies away. Those who fail to grow wings 
perish. 

Bees similarly work day after day with all the diseipline 
and habit of routine. It looks as if no chaise could ever 
come. Suddenly routine is wholly foi^tten. A swarm 
gathers, abandons the hive, the accumulated stores, the loca- 
tion, eveiything that made bee life worth while, and, hanging 
to some tree, waits while scouts seek some new refuge, the 
hollow of a tree, a crevice in the rocks. The race of bees is 
preserved in these criacB, not by routine, but by desperate 
and to man inconceivable initiative. 

Among the migratory birds we find the same hints. The 
stork is the emblem of domestici^. On the roof tree It 
occupies the same nest year after year; it is counted on to 
bring babies to human homes, bnt when winter comes it 
foi^ets domestic routine and departs. A stork marked in 
Norway was captured a few weeks later in South Africa. 

Hatched in the cool waters of a mountain stream, salmon, 
when partly grown, swim down and out into the salt sea. 
"Where they stay for three years no one knows. They break 
away from the routine of the river and go out into a new life 
for which no previous experience has prepared them. At the 
end of four years, giving up the routine of the sea, they 
return to ascend rivers, to leap up waterfalls, to lead a life 
which is wholly and absolutely new. 

In man, infancy and yonth are marked by crises by which a 
comparatively long period of routine is broken by great and 
revolutionary initiative. There are sadden and tremendous 
chaises, from ovum to embryo, from foetus to breatfiii^ life, 
from birth to weanii^, from childhood to puberty. 

Whether insects, &^, birds or men, when the crises come, 
only those who develop intiative, who forget routine, who 
look ahead and not backwards, gnrrive. We therefore find 
that initiative alternates with routine as part of the law of 
progress. 
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Bnt are we now in a period of tranEdtion, a peculiar epoch, 
an age requiring for survival initiative and not rontine t If 
we are in HQcb an epoch, then it is immensely important to 
free oaTselves from the trammels of routine and to grow the 
wings of initiative. Those who do not will perish. 

lict me demonstrate to you by & aii^le example tiiat we are 
in thu epoch of transition. To bring out the difference be- 
tween the old order and the new, I shall compare the genera- 
tion of power in China and la America. Make no mistake ! 
The difference is not one of race capacity. The yellow race 
is as nnmerons aa the white, it has counted among its members 
great religious teachers, the greatest of conquerors, the 
greatest of artists, it has evolved a civUization that has en- 
dured two thousand years. We fear the Chinese as we do 
not fear n^roes, Indiana or Mexicans. We fear them on 
Bcconnt of their superlative qualities. The difference at the 
present time between the white and yellow is not one of race 
capacity but solely of opiwrtnnity. 

In China men are paid (0.01 an hour for climbing tread- 
mills actuating stem wheels which propel river boats. These 
coolies convert tbeir stored human muscular energy into 
mechanical foot-pounds. From experience vrith treadmills in 
British prisons we know exactly the mechanical equivalent of 
hard labor. It is a climb of 8,640 feet each 24 hours. This 
is the limit of human endnranoe for a succession of days. To 
convert this into horse-power we must know the man's weight 
and the number of hours he woris each day. The average 
weight of man is about 150 pounds. A man of thia weight 
climbing 8,640 feet in 24 hours yields 1,296,000 foot-pounds. 
A horse-power for 24 hours is 47,520,000 foot-pounds. It 
would therefore take 36.6 Chinamen to yield a eontinuoTis 
horse-power and the wages of these Chinamen would amount 
to $3.66 per di^r, or $1,336 a year. 

From Niagara you can buy a horse-power year for $20. It 
costs the paper mills which have their own power about $12 a 
year for continuous horse-power. Human energy at $0,10 a 
day costs one hundred and ten times aa much as this water- 
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power ener^, althoagh the sapervisisg hninan labor reoeives 
an arera^ of $3 a day. 

The substitution of oncamate energy for human muscular 
enei^y has increased wages thirty-fold and has cheapened 
power to 1 per cent, of its cheapest muscular price. This 
is not all. When men are used as power generators the supply 
is strictly limited and can be easily monopolized, Uscamate 
energy is without limit as long as there is coal and oil and gas, 
as long as the sun shines and makes organie fuels or draws 
up water from the surface of the ocean. 

For strictly limited horse-power at $1,336 a year we now 
have unlimited horse-power at a tniniTnTipi price of $12, 

"We have brought about this gigantic change in conditions 
not by adhering to routine but by abandonii^ it This 
example eould be paralleled in every direction. 

The ability to use without limit cheap power has revolu- 
tionized ell conditions. To spade up a section of land would 
take an active man's energy for 500 years. With oil power 
tractors and gai^ plows three men can turn over 640 acres 
of land in 36 hours. It is good hard work to make a broad 
jump of 20 feet at a speed of 10 miles an hour, rising 4 feet 
from the ground, but aeroplanes at the international contest 
this year will fly 80 miles at a speed which may reach 110 
miles an hour, and fly as easily at an altitude of 5,000 feet as 
at 50. Formerly a man coold carry a maximum load of ' 
100 pounds; to-day his trains drag 6,000 tons and bis ships 
carry 30,000 tons. Formerly a man's voice carried 500 feet; 
now as he sits at his desk he can reach with his voice 20,000,- 

000 people, some of them a thousand miles away. 

I do not consider myself an old man, yet almost nothing of 
engineering importance to-day was taught when as a youth 

1 went to one of the foremost technical schools in the world, 
and almost nothing that I there specifleally learned has any 
value to-day. I learned from Weisbach's great work how to 
design Dutch windmills and overhead water wheels, but not 
a word of dynamos or motors, of telephones, of gas engines 
or of gas producers, of storage batteries or of aeroplanes. I 
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was trained lookmg backwards into the past. I was not 
trained for what was ahead of me. 

There was never a period since the world began when man 
had so rapidly to abandon the practices of the past and to 
put his trust in what his father and mother knew nothing 
about 

The changes in the last fifty years have therefore scrapped 
most of the technical experiences of the past and have pro- 
foundly modified moral obligatioiu. 

Our parental training, our religious training, our school 
training and our social training have been governed by the 
ideals of the routine past Although pn^^ess absolutely de- 
pended on initiative and to a very small extent on routine, 
we have not been equipped morally, mentally or physically 
to do good original work. 

Much of Socialism, for instance, rests on the assumption 
that the good things in the universe are strictly limited in 
quantity and if any man has more than the average he must 
have robbed someboc^ else. The same assumption underlies 
the aspiration for suffrage by women. If anything was ever 
B routine survival from the foolish past it is the idea that 
suffrage is a panacea. I would give suffrage to those who 
want it, as I would give away a worn-out garment Far more 
important than suffrage is the realization that the home, the 
school, the church and the ball-room, where men and women 
work side by side, are cleaner and more efBcient than busi- 
nesses managed by men alone. 

The good things in the universe are not limited. The tele- 
scope shows that there are billions of suns in reserve, most of 
them larger and finer than our sun. We have reached out 
with our nerves of sight and rescued these suns from the 
bottomless void. We may in time harness their heat for 
oar service, even as we now make the oscillations of the ether 
carry our messages. Grand opera is no loiter limited to the 
rich, nor moving scenes in distant lands to bold travelers. 
The phonograph, even making alive the voices of the dead, 
brings into the lone, cold, winter camp in Northern Alaska 
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a wealth of music which twenty years ago no emperor eoold 
bare commanded. A tramp, for the price of a beer, can sit 
in comfortable, cool and restful dailmesB, watching livii^ 
scenes out of the long ago, scenes that not even the greatest 
traveler could formerly have witnessed. 

It is not tme that the few are growing richer because they 
are impoverishing the many. 

It is true that our greatest men, the men to whom on 
account of their initiative we owe most, were not trained to 
use their great gifts. They received a routine education, and 
as they found it of no use, like children who have found 
a box of matches, they did not know how to use the blessing 
of fire. 

The old rules of the road, the tnmii^ to the right, the halt 
at grade crossings to look and to listen, the speed limit of six 
to eight miles an hour, cannot be applied to aeroplanes, yet 
we have tried to keep our Bockefellers, our Camegies, our 
Harrimans, our Hills, within routine bounds. We have not 
even advanced to the state of using modem devices. We are 
still teaching our children to read fairy tales instead of watch- 
ing moving pictures ; we teaeh them to write instead of train- 
ing them on typewriters ; we painfully drill into than multi- 
plieation tables instead of initiating them into the mysteries of 
the slide rule ; we teach them to add and subtraet instead of 
drilling them on comptometers; we teach them to draw in- 
stead of carefully training them to use photography ; we have 
them drum for years on the piano even if they have no 
musical ability, when they ought to be trained to put a soul 
into mechanical records. 

What is the fault of the whole educational system t As is 
always the case, when routine is placed above initiative, we 
are relying on methods and devices and systems instead of on 
principles; we codify our laws and add countless new ones 
instead of branding every one of us with the fundamentals. 
So aI»olnt^y unprepared are we by past training and teach- 
ing that we would have great difficulty in agreeing as to 
what the fundamentals are. The need of the age is clearly 
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to see and practice, not s Christian era conception, nor a 
CroBade conception, not a Reformatiott conception, not an 
American revolution conception, bat s twentf-first eentnry 
conception of the golden mle, of ethical ideals Trorthy of the 
telephone, -mreleaa, gas engines, aeroplanes and radiom. The 
new era must produce a new man. Will he prove a Franken- 
steint 

I have no right to asstune that I can see farther into the 
starry night ahead than any other on the lookout, but it 
seems to me that what we most need is to come to some under- 
standing of the relative responsibilities of individual, of 
corporation and of state. 

The collective average is always weaker then the beat onits. 
The average duration of human life is determined by a means 
in which the shortest has as much weight as the longest. The 
average wisdcmi of goTcnunent is the mean between the fool 
and the wise man. The way to better man in the aggr^ate is 
not to lessen the responsibility of each unit, but to increase it ; 
to bring, from within, the poorest onits ap to the level of 
the present best and to have the present best establish a higher 
standard. 

What is the particnlar application to engineering Bchookt 

Engineers more than any others ought to be able to appre- 
ciate the vatne of initiative. The coarsea in the ei^nneering 
schools ought to be modified so as to develop initiative. Engi- 
neering students oi^;bt to be taught to distrost aU the tradi- 
tions of the past. The engineering teacher ought to warn 
away from anything that has already been tried out. The 
assumption ought always to be that "what is" is probably 
WTOi^, and the absurdities of "what is," for instance, a 
locomotive engineer on the tail end of the engine, ought to be 
unmercifully pilloried. The student ought to be taught to 
guide himself, not by landfalls and landmarks, but by the 
eternal stars. It can be done and it is the duty of teachers 
of engineering to do it. 
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PRACTICE VERSUS THEORY IN THE SCIENCE 
OP MANAGEMENT. 

BT PEBDEEIC A. PABKHUEST, 
Organizing Engineer, Detroit^ Mieh. 

It is not tlie author's intention to imply by the title of this 
article that practice and theory do not each bear a most im- 
portant part in the science of management These two words 
are symbolic of two chief factions, one for and one against 
our new science oC mani^ement To the layman, scientific 
management is a theory, pare and simple. To the mannfac- 
tarer, who has put his plant under this form of management, 
it stands for prosperity to the firm and all its employees, a 
new era of industrial peace and contentment, low costs and 
high wages. 

It is not at all remarkable that there should be such a wide 
difference of opinion on this subject. It wonld indeed be 
remarkable if it were not so. History repeats itself. What is 
now true of scientific management has been in the past true 
of all great steps or changes, tending to the advancement of 
the human race. The march of progress in all things would 
cease were there no obstacles to surmount. Columbus, Watt, 
Ericson, Morse, Marconi, Langley, Chanute and the Wright 
Brothers, as well as many others, were each and every one at 
first considered theorists or cranks. Their dreams of the 
possibilities of their chosen lines of work at first seemed 
ridiculous to their contemporaries but the practical applica- 
tion of their ideas has far outstripped their broadest concep- 
tion of these subjects. 

There is no doubt that the new science of management will 
come into its own through exactly the same process of tran- 
sition. The few chief exponents of scientific management are 
in exactly the same position an were the inventors and investi- 
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gators nteationed above. No one can deny that the field of 
the oi^anizing engineer opens into vast fields of progress. 
The benefits which will accrue from the universal application 
of the new science of management will affect in a greater or 
less degree all of the woiHog class in this country, eventoally 
the world. The author once predicted that the science of 
management was "slowly but sorely becoming univerBal in 
thifl country." That was nearly eight years ago, and he now 
reiterates the same prophecy. In fact, the striving for efB- 
ciency in life as well aa business is becoming oniveisal much 
faster than any one, except the best informed, realizes. This 
is primarily due to the fact that in the last year or two, sci- 
entific management has been prominently brought to the 
attention of the entire country on several great occasions. 
Chief of these are : 

1. The Interstate Commeree Commission investigation lost 
year into the proposed increase in railroad freight rates. 

2. The formation in New York, December, 1911, of the 
Society to Promote the Science of Management 

3. The conference on scientific management at the Amoa 
Tack School of Administration and Finance at Dartmonth 
CoUege, in October, 1911. 

4. Formation of tiie Efficiency Society in New York, in the 
spring of 1912. 

5. Congressional Committee's invest^ation and report on 
the Taylor and similar methods of scientific management. 

In addition to the above mentioned events there has been 
a general exploitation and discussion of the subject in nearly, 
if not all, of the trade jouraale, monthly magazines and socie^ 
transactions, t« say nothing of the newspaper reports, eto. 
All of this publicity has of course had its effect. Fortunately 
and justly, the majori^ of the articles and discussions have 
been favorable in their attitude. The few which have not 
been so were obviously written by persons scanning the sub- 
ject superficially or with distorted vision. 

I am sure that all the chief supporters and exponents of 
scientific management will join me in heartily invitii^ a 
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thorough and impartial isvestigation of its principles aod the 
results which follow a practical application of those principles. 
Such an investigation is the easiest, most logical and surest 
way of enlightenii^ oneself on the subject. It is unfortu- 
nate that a number of would-be critics have apparently not 
made a thorough and impartial study of this subject "on the 
ground." They have evidently passed the door and gnessed 
as to what was within. They have a perfect right to guess, 
form their own opinions, etc., for their own personal satisfac- 
tion. When they attempt, however, to exploit their sup- 
posed knowle^e of the subject to the detriment, intentdonaUy 
or otherwise, of those directly to be benefited by the adoption 
of scientific management, it is time they and their follawera 
become enlightened. 

There are undoubtedly many "theorists" who believe that 
scientific management can be studied, rehearsed and memo- 
rized in the school room or library and "presto!" an efficiency 
engineer is bom. It must be acknowledged that many effi- 
ciency engineers have sprung into the field in just this way. 
They are full of theory but not the theory, and without the 
practical knowledge of their subject or of men. 

Many theories may of course be formed by as many differ- 
ent men. These theories but reflect the scope of each man's 
imagination or grasp of the fundamentals. There may be 
many theories as to scientific management, what it is, its scope, 
value, etc. That these theories vary so widely is bat natural 
They are due entirely to a lack of understanding, or full com- 
prehension of the fundamental principles. Mr. Fred W. 
Taylor defines scientific management as a combination of the 
following elements : 

A. "Science, not rule of thumb." 

B. "Harmony, not discord." 

C. " CoSpcration, not individualism." 

D. "Maximum output in place of restricted output." 

E. "Development of each man to Ms greatest efBeiency 
and prosperity." 

Many people consider the above combination of elements a 
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theoretical proposition which worka ont easily on paper but 
will not resolve itself into a practical aolntion. Let os analyze 
Mr. Taylor's principles separately: 

A. "Science, not mle of thomb." There has been mnch 
criticism of the word "science" or "scientific" as applied to 
the problem of management. Many critics claim that there 
can be nothing scientific in workB-management and that the 
word BO used is incorrect. Webster's definition of science is: 
" STBtenuttized knowledge of the conditions and relations of 
mind and matter; accepted facts and principles as demon- 
strated by indnction, observation or experiment." If Eiystema- 
tized investigation and compilation of data pertaining to 
knowle<^e of the conditions and relations of mind and matter 
do not represent the most important feature of proper man- 
agement, then what doeat A common-sense method of pro- 
ceeding with each piece of work is to find 

(a) What mnst be done. 

(J) What material used. 

(c) How must it be done. 

(d) With what tools. 

(«) How long will it take. 

(/) When will it be done. 

(ff) What will it coat. 
To answer theae preliminary questions satisfactorily one mnat 
have a complete knowledge of the equipment and material 
involved, of the qualifications of the individual workers and 
of the various other elements enterii^ into the completion of 
each piece of work. This comprehensive knowledge cornea 
through specially trained men, detailed to carry on and record 
all investigationa necessary. It is most certainly in line with 
scientific methods of procedure. 

B. "Harmony, not discord." It is needless to say much in 
the way of advocating the desirability of harmony over dis- 
cord. This of course is axiomatic and there can possibly be 
no sustained criticism of such a feature in any form of man- 
agement, whether scientific or otherwise. 

C. "Cooperation, not individualism." Another common- 
sense element which allows of littie controversy. 
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Z>. "Maximum output in place of restricted output." A 
concern to be successful, and to run its buffluess profitably, 
must realize from its equipment and working force a maxi- 
mum output and each must maintain that condition if it hopes 
to stay in business in the face of modern competition. The 
country is suffering to-day from over equipment in the way 
of plants and accessories. The result shows a great waste both 
in first investment and indirect charges inclndii^ depreciation 
while the plant is running, to say nothii^ of the great over- 
head charge and depreciation in slack times when the plant 
is lying idle. "Why dei^ that maximum production is too 
often striven for in a most unintelligent way T As far as the 
personnel is concerned, maximum production eaa only be 
obtained by surrounding them with the elements mentioned 
above — science, harmony and cooperation. 

E. "Development of each man to his greatest d&inenc^ and 
prosperity." Here again we have an element which should 
need but little argument in support of it In point of fact, 
however, we often find opinions to be diametrically opposed to 
what we would natarslly expect to find. The trouble, how- 
ever, is not with the principle involved or with the -theory that 
it is a desirable and necessary thing to strive for — this maxi- 
mum efSeiency and prosperity. The cause is often a lack of 
knowle^e of what is involved and a deplorable misunder- 
standing of the objects and intentions of those striving to 
bring about Tnqifimimi efficiency. 

I have discussed these principles at some length and many 
may think I am going over ground which has already been 
covered. My object, however, in doing this is to again bring 
before those who have not clearly analyzed the principles of 
scientific management what is involved and just what the 
ideal is. There has been too much taken for granted on the 
part of some critics. The result has been a certain factor of 
opposition, which is wholly uncalled for. May this resume 
help to clear the subject. 

One of the common criticisms heard is to the effect that 
" scientific management may do for some kinds of work, bat 
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it will not do in otirs. ' ' The exponent of the science of man- 
agement must ever bear in mind that he faces an educational 
proposition continually. It is easy to condemn something 
which one does not understand. This being an admitted fact 
and bearing in mind that many of the persons directly affected 
by the introduction of scientific management are not in a 
position to understand these thii^, it behooves every oi^aniz- 
ii^ engineer to pay special attention to this one feature — 
namely, education. 

In considerii^ the educational feature one must not over- 
look the psychological element involved. To the author's 
mind this ia the moat important factor in the sacceBBful in- 
stallation of the science of management, and is the one thing 
which has made failures from what would otherwise have been 
successes. That such failures have existed cannot be denied. 
It is equally true that the trouble has never been with the 
principles involved but usually with the general unfitness of 
those attempting to carry out the work. Other failures can 
be traced to the attempt to copy and install some particular 
feature of scientific management without the rest of the ele- 
ments necessary. Men attempting to do this usually have a 
superBdal book-knowledge of the subject and are wholly lack- 
ing in the true conception of the ideals and principles in- 
volved. Practical shop experience and the ability to handle 
men are absolute requisites for the successful introduction of 
the principles by any engineer. 

Before taking up in detail some examples to illustrate the 
difference between the theoretical feature, or the bare outline 
of principle, and the practical method of installing those prin- 
ciples, I want to emphasize the fact that it is not so much 
what yon do in the way of radical changes as in how you 
make them. Again I repeat that the true conception and real- 
ization of the psychological element and its bearing on every 
branch of management work must be recognized as the most 
important of all the elements. To be successful the organiz- 
ing engineer must master the psychological feature of each 
and every problem first, last and always. 
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Now aa to iiie methods used in tlie practical application of 
the above mentioned principles, the organizer must thoronghly 
acquaint his client with what is involved in order to realize 
from these principles maximiun resnlts. Stockholders, direc- 
tors and officers of the company most be informed as to what 
may be expected in the way of results. They should thor- 
oughly study all phases of the problem and try to realize the 
difficulties likely to be met. Not the least of these will be the 
idiossnierasies and biased ideas of some of the personnel. The 
fact must not be lost sight of that at least some of the older 
and most valuable employees must be patiently and carefully 
weaned from some or most of their old traditions and habits. 
Those of the old school must not be blamed if at first they 
show ignorance or disapproval of radical changes. Their 
environment and training is responsible for this frame of 
mind. These same men will be the most enthusiastic and the 
strongest supporters of the new regime when they begin to 
see its advantages. They will be the first to show a new and 
lasting sense of satisfaction and contentment with the elimina- 
tion of friction, the maintenance of schedules and the in- 
creased results easily accomplished with a minimum of mental 
and physieal outlay. 

The period of transition is often a long and annoying one 
for all concerned. This is due to the many variables to be 
overcome. Patience and tact will win out in the end if each 
and every one realizes that every one is human after all. 
Time is the essential factor, and the time required depends 
upon the mental attitude of each. The author to-day enjoys 
the friendship and cooperation of many men now working 
under scientific management, who at first opposed him at 
every turn and condemned new methods before sufficient time 
had elapsed to prove their worth. Men must be shown, edu- 
cated, led, not driven. It is only the extreme case where in 
the end a man has to be removed for failure to abide by the 
new order of things. Study each man's character, find the 
avenue of approach and he can be educated and made efficient 
in spite of himself. Many men, particularly those in the more 
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responsible positions, have a natural and deeply rooted 
antipathy for being shown by others. They wish to be known 
and recognized aa the originator of all that is new or an Lm- 
provement over the existing order of things. It has been n^ 
experience that one of the best and sorest ways of handling 
persons of this make-up is to accomplish the desired end 
thro^h sQggestion. In the majority of cases a few words 
followed judiciously with concrete examples to illustrate your 
point will sow the seed of desire. This seed will immediately 
take root and sprout forth as an or^iinal and newly discovered 
method sure to meet the exigencies of the occasion. This 
method will not do with all men of this mental attitude. Some 
will not be indnenced or convinced until shown by actual 
accomplishment. Others can be recruited by the proper pre- 
sentation of the resolts of an analytical study of conditions 
followed by cold, impartial fignres. Figures talk, especially 
if they are always recapitulated into a bare statement of value 
in dollars and cents. 

Other men wiU be found in every organization who have an 
inherent faith in any new departure ordered by their supe- 
riors. Such cases do not offer tiie same kind of handicap, as do 
those above cited. They do offer another possible source of 
trouble however: that of a too earnest wish to reach the 
desired goal, without due appreciation of the difficulties and 
conditions to be overcome and changed. Material difScnlties 
can be removed with comparative ease. Chaises directly 
affecting the personnel are often far from easy and continual 
restraint must be exercised for this reason. If this restraint 
is not present the too enthusiastic department head or some 
subordinate will find himself opposed by a stone wall of per- 
sonal opposition. Many men can be led but only the few 
can be pushed. 

Education of the rank and file is fully as important as the 
education of the principals and heads of departments. The 
education of the former is much easier, however, when the 
latter have graduated, so to speak. Let those at the top set 
the example. Shop men as a role have the erroneous idea 
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that their sapeiiors and office force are inelioed to coDsider 
themselves on a much higher plane and seemingly force them- 
selves to the necessary intercourse with those beneath them. 
There is no doubt but that in many cases this condition ex- 
ists. That it is often so is most unfortunate as well as unneoes* 
sary — and most mideairable. One of the greatest advantages 
of real sciraitifie managanent lies in the fact that such a 
demoralizing and disastrous condition of affairs is eliminated. 
I do not mean to imply by this statement that scientific man- 
agement is the sole remedy for such a condition, but it is never- 
theless a sure remedy. In point of fact, under scientific man- 
agement the rank and file are placed in positiou to demand 
and get from their superiors proper working conditions, and 
as to maintenance of equipment and supply of material, to 
get cooperation, and the "square deal." Responsibility is 
placed where it belongs. No one high or low can "put it 
over" on another, because the responsibilities and duties of 
each are clearly defined in writing. The pressure of respon- 
sibility is not (me aided and concentrated in one place, or 
directed towards the weak. It is equalized. Instead of tur- 
moil and contention like the troubled and restless sea, which 
makes smooth running impossible, we have the calm and 
reliable medium of a harbor sheltered by the bulwarks of 
harmony. The least opposing influence immediately becomes 
apparent. It can be localized and remedied at once. 

The best influence is an honest confidence in the entire per- 
sonnel. An efficient organization with reliable heads and a 
spirit of cooperation in touch, through these mediums, with 
all of the personnel, lays the foundation for a lasting and 
trouble-free industrial or business condition. To bring about 
these conditions eternal vigilence is necessary. No one must 
be allowed to harbor any misunderstanding as to the intent 
of the reoi^anization. Investigate and trace to its source 
every disturbing influence. Let no one misunderstand the 
ultimate object in view. Openly advertise and propound the 
chief elements or principles of our new science of management. 
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A. ScniNOB, Not Buu; ot Thdicb. 

Having observed the above essentials, the next step is to 
bring under control ec^nipment, methods and oatpnt. This 
has formerly been left to the foreman and bosBes. Detfuls 
and responsibilities have been thrust upon them which should 
be borne by others. Specialization is the order of the day 
under scientific management. 

The modem planning room is the first really radical inno- 
vation. The production clerk, order-of-work clerk, route clerk, 
material boss, shop engineer, time-study man and spe^ 
bosses, are new ftmctional men. These are created to take 
off of the shooldera of foremen and others, duties for which 
they are specially trained. Through this department we begin 
to control shop equipment, methods and material. 

The different planning-room men begin through analytical 
study of conditions to determine the shop conditions. Work 
for the shops is planned and distributed in the most efficient 
way. Delays due to faulty equipment are investigated and a 
recurrence made impossible. Equipment is timed up, cared 
for and kept in repair. The result is that each machine and 
man is made more productive. There are no waits or delays 
on account of absence of material with which to work. Some 
■men or machines are not piled up with work while others 
work from hand to mouth. The work ready for processing is 
evenly and judiciously distributed. I have known of eases 
where one third (^) of a day of man and machine, often 
of gangs of men, has been wasted, due to such causes. This 
condition is common ; the effect is demoralizing and tends 
to gradually decrease the daily output per man. Over equip- 
ment due to lack of planning and to pure guesswork is also 
largely responsible for a decreased output per capita. Pro- 
duction clerk, order-of-work clerk, route clerk, and material 
boss remedy this. 

Having provided for the maintenance of standardized 
equipment, conditions and flow of material, the methods must 
be investigated. The shop engineer determines the tools and 
methods; the time-study boss determines the standard time, 
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and the data is available for the isBuance of inatruction carda. 
The speed bosses then see that the inatmction cards are fol- 
lowed and the standard time realized. 

It will be seen by the above brief explanation that what is 
ordinarily done by one or two men ia done under scientific 
management by six or seven or more, depending upon the 
kind of business. What is the result t Each of the chief 
planning room men becomes highly proficient in his particular 
branch. Through them it is possible to itemize and analyze 
into small elements all details of a business. They have com- 
plete and up-to-date records of all work which has been done. 
Comparison can be made, both of methods, Quality, time and 
cost. Relative capacity of machines, men, productive units 
and departments can be made, and work planned and dis- 
tributed aecordii^ly. Elemental operations can be standard- 
ized, and men can be trained to do them in standard time 
with a minimum of effort. Each man's efi9ciency can be kept 
track of and his work and pay regulated, independent of his 
fellow workmen. The accumulation of data makes possible 
the correct determination of how much men as well as 
machines can do daily without undue fatigue and eventual 
break-down. We can safeguard our machines by not over- 
loading them, because stresses due to tool pressure, torque and 
vibration, can be controlled through instruction cards. Fewer 
accidents will occur on this account because detailed stady of 
operations determines the best and safest way to do a given 
piece of work. Not many people realize how comparatively 
few diflferent elemental operations are actually necessary for 
the performing of all kinds of work in any one trade, until 
they have analyzed and studied them personally. 

Consider the above carefully and then answer the following 
qu^tions for yourself. Can any foreman who is in charge of 
the average sized department with all its variety of equipment 
and its twenty-five to fifty or more men, keep track of all the 
above elements and so obtain nlazimum efGciencyl Were he 
mentally and physically capable of all the work necessary, 
conldhe bean expert and highly proficient in bo many different 
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liseaT Could he even find time to both phm and execute on 
the scale required T Would he be in possesBioii of the data 
Deceasar? to absolntely control methods, conserve the time of 
each man, eliminate delaj^ etc 1 Conld he be always fair and 
jnst and impartial in handling his menf The answer is most 
emphatically no. A jack of all trades is master of none. Yet 
ordinary management often demands of its foreman aU of the 
above and more. 

What win the planning room accomplish for a concern t 
Combined with bonus system of extra remuneration, it will 
result in doubling, tripling, and sometimes quadrupling the 
output of a plant It will reduce labor costs, including the 
extra overhead from 30 per cent, to 50 per cent, and increase 
wages from 35 per cent to 50 per cent. — in some cases even 
more. 

A word will not be out of place regardit^ obvious advan- 
tages of these methods in setting correct rates. It is not un- 
usual to find piece or premium rates set by the usual guess- 
work methods that allow a man to earn ^.00 to $8.00 per day 
for much less retnm than represents a fair day's work. I 
have known of several cases where a piece rate was cut nearly 
in halves because the man was earning about $8,00 per day. 
After the cut he still earned $8.00. Obviously the original 
rate was four times what it should have been. The work did 
not require skilled help and $4.00 per day would be a gener- 
ous wage. Aside fnnn this, the man was limiting output dur- 
ing the time he was makii^ on the original rate. He doubled 
his output when the rate was cat Had stop watch observa- 
tions been made by a properly trained time study man, pref- 
erably one who was skilled in the trade under observation, 
this could not have happened. The result of improperly set 
rates need not be discnssed here at length. They include dis- 
satisfaction on the part of the firm; the inevitable cut and 
continual dissatisfaction on the part of the men ; limitation of 
output ; increase of discontent and deceit and eventually labor 
troubles. The elimination of these troubles will save many 
times more each year than it costs to run a planning room. 
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When a foreman sets a rate, he estimateB it by using day- 
work output as a basis. He adds something to it for luch and 
sets his rate. Actually the rate of day-work under ordinary 
shop conditions as compared to bonus work under scientific 
conditions is 1 to 3 or 4 on the average ; some cases 1 to 10 or 
even more. 

There are certain difficulties to overcome when establishing 
bonus in a plant accustomed to piece or premium improperly 
set. These difficulties consist chiefly of a marked difference in 
the TnaTimnm earning power of a man based on a bonus rate 
set after an itemized time study, as compared to the arbitrary 
piece or premium rate. The preceding paragraph has ex- 
plained in part what these differences are. In addition, how- 
ever, to the difference in the ultimate day's eamii^s, more 
trouble is met with in tiyii^ to educate the workman to an 
entirely new viewpoint. This can best be explained by call- 
ing attention to the fact that what we purchase is a man's 
time and not his output. It is up to the organization to see 
that a fair output per day is realized. When this output 
reaches a fair average maximum, the extra remuneration is 
in the form of a bonus, the result being an increased daily 
earning. Comparing a differential bonus scale of prices, how- 
ever, the tendency on the part of the man is to consider it 
only as a piece rate. To further illustrate this point, if we 
have a job that has been paying seven cents (7 c.) a piece and 
the production has been about fifty pieces per day, the piece 
rate earning of the man is $3.50. If this method of payment 
is replaced with differential bonus, the tendency is to com- 
pare the difference in earnings of the day for the last few 
pieces. The result is that the man feels he is being paid at 
only the rate of say, two cents (2c.) a piece, losing sight alto- 
gether of the fact that he has been insured of bis nominal day 
rate irrespective of his production. 

The above mentioned troubles are not found where improp- 
erly set piece or premium rates do not exist. Neither is there 
similar trouble in establishing bonus rate in a shop which has 
worked only under regular hourly or daily wage. One often 



>vGoo»^lc 



FBEDBBIC A. PABKHTJB8T. 25 

has to contend witb the natural antagonism of some men who 
feel that the installation of bonus is some means in diegiuBe 
of further reducing their earning power. This objefition, 
however, can readily be overcome after the men realize that 
the rates will be established correctly in the first place, and 
remain unchanged so long as the piece or job remuns un- 
changed, in design, method or equipment. Of course goaranty 
not to chaise rates would as readily apply to piece or premium 
work under like conditions. The trouble, however, is that 
piece or premium work is usually priced arbitrarify and so 
results in nnfair rates, both to the man and to the firm. 
Therefore, it is practically impossible to guarantee any per- 
manency. 

B. Harmony, Not Discobd. 

This is the second element of the combination defined by 
Mr. Taylor. How often we hear the criticism that harmony 
is realized in almost all lines of businese and that it has nothing 
whatever to do vrith, neither shoxild it be particularly identi- 
fied with, scientific management. If this is so, and if harmony 
is such a well-understood and common element, why don't we 
see more of it in the average manufacturing or industrial 
establishment t The fact remains that in a great many in- 
stances, harmony is conspicuous by its absence. Many of the 
chief reasons for this condition can be traced directiy to the 
ease illustrated in the last few preceding paragraphs. Its 
absence is often due to that great variable the personal factor. 
This is particularly so in large plants which have grown 
rapidly and abnormally. Their sudden growth has demanded 
the mushroom type of oi^anization which must of necessity 
lack the refinement of one more deliberately planned. 

There are a great many factors tendii^ to create discord, 
some of which require an immense amount of time to remove. 
As far as the personnel is concerned, this can be handled and 
developed in the way previously referred to in this article. 
When that is accomplished the next move is to inspire every- 
one witi the policy that only the square deal will prevail. 
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To bring about this condition, extremely strict order of difl- 
cipline must be maintained and the policy of the company 
clearly defined so that everyoae can work in harmony with it. 
Each member of the organization must be forced to realize the 
fact that everyone is employed to work for the company's 
interests, and cooperate and work in harmony with his asso- 
ciates. Discrimination of individoals most be absolutely 
prohibited. This latter dictam is one likely to be far-reaching 
in its nature. Men have to be trained to lay aside their i>er- 
sonal likes and dislikes and to regard their work from an 
entirely different viewpoint. This is hard at first, but after 
they become accustomed to the new order of things and begin 
to realize the certain advantage, it is as natural to work 
harmoniously as otherwise, and much more comfortable. 

One of the greatest disturbing elements in connection with 
building an efficient and harmonioua organization is the one 
of poor pay. It is a mistaken idea on the part of many 
managers and heads of departments that they are earning 
money for the company and mnning their department cheaply 
by the emploj^ment of cheap help. This is as true of office 
employees as it is of the rank and ffie. The layman little real- 
izes the aetnal difference between output per man as com- 
pared to large differences in pay per man. For example, 
many cases can be cited where a man earning $2.50 has an 
output which can be expressed by unity ; by an expenditure 
of more money for sufficient supervision, proper maintenance 
of equipment, etc., plus extra incentive to the man for follow- 
ing instructions and putting up a fair day's work, a pro- 
duction can be realized which may be expressed by 3 or 4 
and sometimes much more. 

The difficulties in the way of remedying this condition while 
promoting harmony are very many. This statement may seem 
strange, but it is nevertheless true. In mauy cases the great- 
est objection comes from those who are eventually to be directly 
benefited by this change of condition. The average shop man 
presents another stumbling block by considering his own par- 
ticular work more or less his private asset, of which the firm 
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Bhoold know little or nothing. In otber words, he feeln that 
the more dependent the Qna is upon him for information, 
the more secure his position with them will be. The fact is 
lost sight of that promotion is often denied a man becanae 
through lack of organization and knowledge on the part of the 
firm, he is forced to remain in a minor position. When data 
of each man's ability is in the hands of the firm, advancement 
can be made conmiensnrate with his abilit7 without in any 
way tending to disrupt or retard his work or that of his de- 
partment. In order to bring about this condition and estab- 
lish a self -sustaining oiganizatdon, each incumbent of impor- 
tant positions, including heads of departments, should train 
and have inmiediately under him a snccesBOr competent to 
take oyer his duties and respondbilities at a moment's notice. 
This condition can pertain to a small oi^fanization as well as 
to a large one. A man may often fulfill the duties of several 
positions where the duties of one do not require all of his 
daily time. 

C. Cooperation, not Individuaubm. 
This element in a general way can be eonodered in the 
same manner as harmony. Individualism . in the ordinary 
form of management can be likened to cooperation under 
scientific management in much the same way as individual 
effort among a body of men can be compared to well-trained 
and h^hly-oi^anized team work. Our modem professional 
baseball team is probably one of the greatest examples of 
scientific management before the world to-day. The fact is 
little realized by the thousands of enthusiastic fans who 
watch one of our league games. Qreat enthusiasm is often 
manifested over some startlii^ or spectacular play on the 
part of an individual which may appear to be absolutely spon- 
taneous. The truth of the matter is that the majority of such 
plays have been carefully worked out by long and tedious 
practice and intricate time studies. The result is that with 
the player on base and the ball in a certain part of the field, 
or in the hands of a pitcher about to be played, the success 



>vGoo»^lc 



28 I^tAGTICa VEBSU8 THEORY. 

of the proposed play can almost mvariably be predetemunecL 
This has been brought down to an exact science. 

It may seem ridiculoas to say that the modem battleship 
is handled and controlled by a planning department; never- 
theless QoB ia exactly trae. The handling of a battery of 
lai^ guns in record time and the percentage of hits which 
ten years ago seemed absolutely impossible, inrolves the co> 
operation of a great many different men. The use of highly 
perfected instruments, combined with the predetermined con- 
dition of the atmosphere, variations and speed of the wind, 
we^ht and condition of powder, etc., all enter into the prob- 
lem. In the report of the battle of Santiago, our patriotic 
and enthusiastic populace marveled at the feats of gunnery 
and markmanship displayed by the United States battleships. 
The trath is that to-day it would be considered a most dis- 
graceful exhibition. Only five per cent, of the shots fired at 
Santiago reached the mark and at comparatively short ranges. 
To-day, under like conditions from sixty-five to seventy-five 
per cent of the shots would reach their marks and at ranges 
mounting as high as eight or nine thousand yards, and at 
speeds double those involved in 1898. 

In industrial establishments like comparisons can be made. 
Investigation will show an immense amount of duplication 
between departments. Similar operations in like trades will 
be fonnd to vary widely in method and more widely yet in 
time consumption. Each joumejonan has his own particular 
idea of how his work should be prepared, how his tools should 
be foi^:ed or ground, and the condition of the material with 
which he works. Thus these elements become great variables 
because the whim and biased notions of tlie individual make 
them so. Standardization of these elements greatly simpli- 
fies them. Lack of unity of purpose and ideals results in the 
individual limiting himself and bis chances of advancement 
as well as limiting that most vital of aU interests, his earning 
power. 

Complete cooperation and unity of men, methods and 
equipment will revolutionize the entire tone and capacity of a 
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plant Where departmental fanetioDS, botii as a whole and 
in detail, do not thoronghl^ dovetail into a harmonized whole, 
friction and disruption will exist. It is a well-known fact 
that we are not to-day, as a rule, taming out the high-class, 
all-around mechanics that we did years ago. The reason for 
this is obvious, although the remedy for it is not so obvious 
to the layman. There can be no dispute over the fact that 
scientific management favors the apprentice, handyman and 
journeyman rather than the firm itself. When organized 
labor realizes what scientific management actually is, they 
will find they have much more to gain by cooperation and 
acceptance of its principles than they can hope to gain by any 
other method. This statement can be eaEdly proved by investi- 
gating the plants working to-day under its form of mant^e- 
ment. 

It may be well here to citea remarkmade by the superinten- 
dent of a large and well-established industrial plant in the 
East In speaking to one of our noted efficiency engineers of 
the work which was being accomplished, he said that his firm 
would be thoroughly satisfied if the only benefit they realized 
from scientific management was the increased wage and 
higher moral standing of their men and the attendant pros- 
perity which would aeeme from the change. This statement 
expresses a sentiment which many of the laboring class cannot 
acknowledge exists on the part of the manufacturer. Such 
sentiment is growing, however, and that the fact is not more 
fully realized by the workii^ man is to he regretted. 

D, Maximum OtnPDT in Place of Bestbicted Output. 

Reference has previously been made in this article to the 
ratio of production under ordinary management to that 
under scientific management. A great part of this is due, of 
coarse, to the chaise io oi^anization, plant methods, etc 
The balance is due to the increased effort and interest ex- 
hibited by the men, encouraged by a higher average of wage. 
The natural incentive on the part of the men is lacking uu- 
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lees all elements referred to are present. As soon as a better- 
ment of condition has been realized, men are mentally in a 
different attitude, and will naturally exert themselves to earn 
the additional compenBation. 

The demoralizing effect of incorrect rate settii^ cannot be 
over emphasized. It tends to promote a disposition to deceive 
and restrict outpnt. Such a condition natarally breeds dis- 
content and lack of confidence in the management. One must 
rely lai^ely on the individual's tendency to better his own 
condition when the opportunity presents itself. When the 
man leams how to produce his maximom with the prospect 
of a definite and immediate reward, he finds more pleasure 
in his work. He is mentally in condition to aspire to do the 
best that is in him and he develops the natural pride which is 
more or less latent in everyone. 

E. Development of Each Man to his Greatest Effi- 

CIENCT AND PBOSPBRirr. 

This development comes as a natnral result of the precedii^ 
elements working in accord. The highly-trained and effi- 
cient men receiving a large weekly pay make better citizenB 
than the inefBcient and underpaid. They are enabled to 
do better for their families, as to housing, clothing, and 
feeding them, and they are enabled to give their children 
better education. There are many children of to-day denied 
the education that belongs to them with the result that their 
entire after-life ie handicapped. They are denied the ad- 
vancement and opportunities which are more and more becom- 
ing subject to the individual's mental development If the 
little red schoolhouse is to represent one of our chief consti- 
tutional pillars in which we take so much pride, it must be 
supported by a high standard of American citizenship. What 
this really means can only be fully appreciated by the study 
of home conditions in a largely foreign community employ- 
ing low-grade and comparatively ignorant help. The develop- 
ment of a healthy mind and body while young is the only 
possible mainstay to a cosmopolitan nation such as this 
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United States is growing into. As efficiency will bring about 
the increase in wages, so it will ultimately resolt in the 
decreased cost of the necesraties of life. In other words, 
when we become tmiversally efficient, both individually and 
collectively, in all walks of life ranging from Gie farm to the 
banking house, our net return per capita is going to be 
greatly increased. 

We must make radical changes in most of our traditional 
ways of doing things and we must realize a new standard of 
ideals. This can only be brought about by a loi^ and pains- 
taking course of hard knocks and experience. Students of 
this subject should study it from the practical standpoint 
and by close detailed investigation of its actual workings. It 
is not in any sense a subject to be learned from books, but one 
which must be learned from close contact with and thorough 
understanding of the personal element involved. Only in 
this way can the psychological conditions be fuUy appreciated 
and understood. 
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EDUCATION AND EFFICIENT LIVING. 

BY METEE BLOOMFIELD, 
Director of the Vocstioii Bnreau, Boston, Mass. 

Mankmd has passed through various "ages," pietaresquely 
described by the historian as the ages of steam, of iron, of 
steel, of electricity. But all indications, all the signs of the 
day in which we find ourselves, the industrial unrest, the 
changes in our legal and political institutions, the acid test of 
organized enterprise through scientific management, and the 
transformation of our educational policies, point to an age 
which transcends in value all the historic ages preceding — 
the age of man — that period in which society sets out to dis- 
cover how the energies of men can be liberated for the most 
effective living, livelihood, and social service. 

To tie engineer and to the methods of our technical schools, 
the social reformer and the progressive educator owe a larger 
debt than is generally recognized. The antiquated idea of 
education as the privilege of a fortunate few, enjoyed for the 
most part in a cloistered aloofness from the problems of 
common life, has been fast crumbling away under insistent 
modem demands for democratic training of "all the children 
of all the people"; demands arising not only because of the 
necessily for civic self-preservation, but also because a truer 
' understanding of human capacities makes us all impatient 
with the present waste of gifts, talents, and human possi- 
bilities. 

We have been so busy trying to catch up with our tasks of 
spreading the common schools, lessenii^ illiteracy, and pro- 
moting good citizenship, that we could not patise long enough 
to consider differences in human nature and the fundamental 
importance of differentiating our approach to each individual. 
In times of stress and emergency we do not inquire too closely 
into peraonal merits. All must be dealt with alike, all who 
82 
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seek must be supplied. When □ormal cooditdons are restored, 
however, more scientific methods must he followed or the 
resulting harm may far outweigh the good. So with our 
sohoolB. As the basic need for the elementary instniction of 
the masses in elementary subjects is met (and there is yet 
much to be done in this country) then stock-taking and a 
scrutiny of methods and accomplishments become a part of 
intelligent administration. During the extension of popular 
opportunities for schooling, for several decades past, there 
have developed the modem schools of applied science and the 
specializatdoQ in the engineering branches. No greater con- 
tribution to educational progress has come during this period 
than in the lesson, taught by these schools, of the value of the 
laboratory and of contact by the student with things as well as 
with ideas. "How can a man learn to know himself!" asked 
Goethe. "Never by thinking, but by doing." 

Two purposes mark any intelligent system of training men ; 
first, to enable men to know themselves, and, second, to enable 
them to find themselves. SchooUi^ of the conventional kind 
leaves out most of the senses in the trainii^ scheme; it is 
devised for inert masses of pupils; its tools are printer's ink 
and the teacher's voice. Premdent Eliot has pointed out the 
defect in making our schools for "listening." 

This is surely a stock-taking period in business, in politics, 
in education. The employer has been complaining of the 
product of the public school. We find that nearly half the 
school children of the land drop out before they even complete 
the grammar grades. We find, too, that our system of 
secondary education, admirable though it is in many respects, 
is ministering mostly to the four per cent, or so of its pupils 
who go to college, and has scarcely faced the life-work needs 
of the vast majority who must go to work. This dropping out 
of school, therefore, of so many unprepared boys and girls at 
a time when they should be laying the foundations of voca- 
tional efficiency, is now recognized as a national calamity. 
Many thorough investigations, one by the United States 
Bureau of Labor, have shown that pressure of circumstances 
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aceomits for only about one third of this exodus from school 
to work. Two thirds could have remained to farther fit them- 
selves if opportunity and intelligent oi^anization could have 
been provided. 

The abrupt ending of school influence for so many on the 
fourteenth birthday is only one of a train of evils. Dropping 
out as they do, their entrance into working life is no less 
deplorable. They do not know anything about the work they 
go into and they leave one job for another, juat as they left 
school. Few have any idea of preparing themselves for a 
career. They drift until manhood responsibilities are upon 
them ; then it is too late to prepare for anything. It is now 
known that a large part of the misemployment and unemploy- 
ment problems can be traced to these early blind driftings in 
the uncharted employments. The school has failed to connect 
with the vocational needs of its pupils, has failed to take into 
account the probable careers and experiences of most of its 
children. Oa the other hand, the kind of work these young 
people go into is not of a sort to develop fliem, to train them, 
or make anything out of them. Therefore both school and job 
are now up for investigation. President Eliot has spoken of 
the "life-career motive" in education. Any education which 
fails to build on this most fundamental purpose, or fails to 
arouse an interest in it, does not belong to our militant age 
of effort and service. Any occupation which does not deepen 
and enlai^ this purpose and motive, which does not in some 
way offer both a life and a career, is one which probably needs 
the attention of public opinion and the legislature. 

School and work, then, must minister to the life-career 
motive, to the bread-winning effectiveness of our workers and 
citizens. The movement for vocational guidance has grown 
out of a deep recognition of the price society pays for the 
aimless driftings, the economic waste, and the social wreckage 
attributable to the unbridged chasm between school and work, 
to the unprotected and ungoided transition from school life to 
working life. Vocational guidance looks npon both school and 
shop as means for investing the capacities of the young people 
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to tbeir own and society's utmost good. Investm^t, not ex- 
ploitation, is the goal. Tlie cliild's good, and the oommimity's 
good must be placed above all else. 

Experience has demonstrated that where a school looks in- 
tell^^tly to the life-career there is hardly any dropping-ont 
problem. The employer, who fulfills hia responsibility, re- 
duces his losses, which in many an ^tabllshment amounts to a 
turn-over of employees every four or five years. If education 
does not lead to self-diBCOvery, what else does it dof In 
this desideratum the technical schools have been quite fortu- 
nate. They have greatly aided their students to find them- 
selves. Are they all living up to their opportunities and their 
privil^est There is no little danger of complacency and 
backsliding on their part. Let me say that vocational train- 
ing does not in itself carry any guarantee that it will not 
deteriorate into abstractions and academic routine, that it 
will not lose touch with reality. With the doors of our 
technical-training schools wide open, as they should be, there 
is no assurance that fitness alone will seek admission. Mass 
instruction here, as in the academic schools, is prevalent. The 
time for "hand-picked engineers" as a professor in one of our 
technical schools has phrased it, has gone by. Never was 
greater need than now to formulate standards and to o^ianize 
a selective process for the future engineers. This plea is made 
not BO much for tiie ben^t of the schools and the profession, 
as for the young men who may be misled into wasting years 
on preparation for pursroits for which they are not fitted and 
in which they never can be happy. 

The student of the vocations marvels at the unbusinesslike 
hiring of men in various establishments. The employment 
manager is supposed to be the mind-reader and fortune-teller 
of the firm. If his guesses turn out well he holds on to his 
place. How many firms can yon recall which have drawn np 
specifications of what they need in the way of employees, 
drawn up their requirements so definitely as to exclude auto- 
matically those who cannot succeed f "Trial and error" is 
file prevailing method, with all the waste and discouragement 
this involves to all parties concerned. 



>vGoo»^lc 



36 EDUCATION AND XFFIOIXNT UTINO. 

I have not observed that Uie engmeermg caUings bare 
framed their demands bo that parent, teacher, and prospective 
applicant can base a choice of occupation on the data set forth. 
Nor have I found a Eurplua of accessible, vital information 
concerning the new and moat promising developments in the 
engineering pursuits, chosen to direct attention to the less 
crowded departments. Many of us believe that the engineer, 
the technically-trained man, will more and more rank with the 
moat socialTy-advanced agencies for the promotion of human 
welfare, with the practitioner in preventive medicine and the 
trained philanthropic agent. We have only to look over the 
contributions to public health, comfort and efficiency, made by 
our institutions of applied science during the half century just 
passed, to realize that what has been accomplished for public 
sanitation, protection of the milk, water, and food supply, 
factory hygiene, ventilation of public buildings, and elimina- 
tion of polluting wastes is only prophetic of what is yet to 
come. Indeed already from the field of the efficiency engineer 
has come, perhaps, the most important message since ma- 
chinery came to do man's work, since the factory system re- 
placed the home as a producing center. Messrs. Tt^lor, Gil- 
breth, Brandeis, and others have made the nation think. And 
in the field of efficiency engineering I find an anal<^^ for 
what vocational guidance regards as the true function of the 
school and of education. The teachers are the functional 
foremen, the courses of study are the planned and rooted 
tasks. The aim of all these forces should be to produce an 
individual equipped for the scientiBc management of all hia 
endowments and resoarces ; whose faculties are organized for 
economy of effort in reaching results, ease in exertion, persist- 
ence in traveling toward the set goal, and vision to understand 
his relationship to his fellows. 
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THE ENGINEER AS A MANAGER. 

BY H. L. GANTT, 
GonHnlting Engmeer, New York Citj. 

The industrial developments of the past fifty years have 
been so great as to modify profonndly, if not to revolntiomze 
the methods of living in the whole civilized world. If we will 
compare the conditions and methods of living jost previous 
to the Civil War with those of today, and itemize these differ- 
ences, we shall find that they are due in a lai^e measure to the 
development in the mechanic arts. 

Fifty years ago the peaceful methods of accumulating 
wealth were substantially those that had been in vogue since 
the dawn of history, and consisted of buying, transporting 
and sellii^, with the lending of money to finance such under- 
takings. Ancient Persia, for instance, owed its great wealth 
largely to its position, by which it controlled all the trade 
routes between India and China on the one hand, and Europe 
and Africa on the other. 

When, however, the Greeks extended their colonies along 
the shores of Asia Minor to the eastern end of the Black Sea, 
and fimdly even founded settlements at the eastern end of the 
Caspian Sea, the conditions began to change. Persia no 
longer had a monopoly of the trade between ttie East and the 
West, for the Greeks had a nearly continuous water route by 
means of the rivers of southern Russia to their markets on the 
shores of the Mediterranean. The competition of a cheaper 
route soon awakened the Persians to their danger, which they 
tried to avert by the conquest of Greece. Failing in this they 
were themselves subdued by the Greeks, and the greatness of 
Persia passed away. 

A continuous series of similar illustrations might be cited, 
bringing us down to the present time, where a situation rami- 
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lar to that between Pereia and Greece haa arisen between 
England and Qennany. 

The other time-honored method of aceumnlating wealth is 
that of Rob Boy: "The? should take who have the power, 
and they should keep who can." This method is not only 
just as much in vogue today aa when the tribes living in the 
mountains made excursions into the valleys and carried off 
the com and cattle of their more thrifty neighbors, but it 
seems to be quite as respectable and to be carried on with far 
less personal risk. 

In the past these two methods have as a rule been operated 
by different classes of people who were in the main hostile. 
In recent times, however, when the physical methods of Bob 
Eoy have been suppressed, more snbtle and effective ones 
have been developed, which apparently do not violate our 
time-honored laws, and which can be successfully operated in 
connection with legitimate trade. 

Thus the already wealthy traders and bankers have been 
able to add to their methods those of the outlaw, and to become 
in the words of the great Senator Dolliver, whose untimely 
death was such a loss to the country, "the boldest set of 
buccaneers the world ever saw." 

In the past the great traders individually exerted but small 
influence over the markets in which they bought and sold, 
and prices were governed by supply and demand. Today, 
however, in this country at least, the great trusts are in many 
cases able to fix both the buyii^ and selling price of the 
conunodities in which they deal. A dawning realization of 
this fact was the reason for the enaotment of the Sherman 
anti-trust law, and is now the strongest force behind the agi- 
tation for a decrease in the tariff. 

Further the enormous wealth thus accumulated has enabled 
the possessors in many eases to become absolute owners of 
the sources of wealth and the means of transportation, and 
their training to get as much as pebble and to give as little 
as possible in return is doing much to increase the present 
industrial unrest in the world. 
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While these developments have been taking place, others 
have been ^ing on which up to thia time have produced even 
greater results. 

The invention of the steam engine, by furnishing cheap 
power, made possible the factory system of today ; but it was 
nearly a century before the engine was sufficiently perfected 
and the mechanic arts sufficiently developed, to make the 
factory system very profitable on a large scale. 

Although the advance of scientific knowle<^ was very 
marked during the latter part of the eighteenth century and 
the early part of the nineteenth, there was a strong feeling 
that knowledge for its own sake was the true ideal to be 
striven for, and to make any practical use of it was degrad- 
ing. Such men, however, as BanMne and Isherwood rose 
above this prejudice, and although they showed the advantage 
of applying scientific methods to mechanical problems, and 
especially to the steam engine, it was not for some years that 
a large enough body of scientifically educated men was en- 
gaged in this work to make any substantial progress. 

Soon after the close of the Civil War the need of suoh a 
body of men was recognized, and schools were founded with 
the express object of teaching men how to apply scientific 
knowledge to industrial problems. In a few years the gradu- 
ates of these schools began to make their influence felt, and 
the scientific methods of tiie engineer began to supplement the 
empirical methods of the mechanic. 

Labor-saving devices and automatic machinery began to 
be developed that often multiplied many times the power of 
the individual to produce wealth, and almost all the 
machinery in use at that time has been improved and made 
more efQcient. In the art of transportation, the steam loco- 
motive has been enormously enlarged and perfected, while the 
electric motor has made possible the rapid transit of our 
cities with all that implies. The steamship of today has 
robbed ocean travel of its discomforts, and cut in half the 
time between Europe and America. The automobile enables 
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UB to trayel at sixty mileB per hour along coontry roada, and 
tlie aeroplane maheB poaeible a like speed through the air. 

The derelopmenta of electricity have been more marvellous 
still. 

The telephone, the electric light, the wireless telegraph, the 
long distance transmission are familiar to us all, but we 
realize their importance only when we consider what would 
happen if they were all destroyed. 

These facts which are so weU known are typical of the 
developments that the engineer and the mechanic have been 
making in all shops and factories throughout the country, 
and producing the wealth that has so much increased the 
splendor of our great cities in the last few years. 

True to his traditions of buying at the lowest price and sell- 
ing at the highest, the commercial man has continued to apply 
these principles to all his dealings, including the purchase of 
labor. The combinations, or trusts, derive their strength and 
profit, not from their ability to produce more cheaply, as waa 
at first claimed, but largely from their ability to fix both the 
buying and the sellii^ price. 

The workmen, on their part, recognize these facts, and 
realize that the only effort to get a greater reward for their 
work is one backed by force. Hence under these methods of 
doing btisiness, the growth of trusts on one side, and hostile 
labor unions on the other, is a natural development. Further, 
the workmen, realizing that they get but a small share of the 
increase in wealth produced by greater efforts on their part, 
or by improved machinery, are not only slow in exerting 
greater efforts, or adopting improved machinery, but often 
opposed to both. Thus, much of oui^ industrial development 
is carried on under conditions where one party and often 
both are hostile to such developments, for the commercial 
man is also often opposed to improved methods. Such meth- 
ods usually cost money to install, and he being interested only 
in profits, does not see any advantage in effecting economies 
if his competitor is able ultimately to do the same. Thus 
where the control of a plant is in the hands of a man of com- 
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mercial instincts or training, there ia apt to be bnt little 
interest in effecting economies that cost mon^ ; and, as many 
of our plants are under such control, this condition is wide- 
spread. 

Such a man too often does not appreciate differences be- 
tween workmen, and groups them into classes of uniform pay, 
thus discouraging initiative in mechanical production, and 
driving it into union leadership. Under snch management 
there does not seem to be any possible method of harmonizing 
the interests of employer aud employee, and unless these 
methods are modified, the industrial unrest is bound to in- 
crease, with results which no one can foresee. 

Until recently the en^neer has regarded hia work done, 
when he has developed an improved machine or apparatus, 
and proved by operating it for a short while that its capacity 
was all he claimed for it. It has then too often been acquired 
by men imperfectly trained mechanically, but who had the 
commercial instinct highly developed. Such men usaaUy 
turn it over to a "cheap" man to operate, and its main- 
tenance is nearly always looked after by a second-rate 
mechanic, for the commercial man can seldom see why he 
should have a high-priced man doing repairs. 

The efficiency of the machine naturally decreases, and a 
factory run on these principles must necessarily be more 
inefficient still. 

Fortunately this condition is not universal, for the advan- 
tage of having an engineer for a manager has for years been 
recognized by some, and the number of such is increasing. 
This number is not sufBciently great, nor has the engineer 
yet had sufficient training in the art of management to make 
untrue the statement, which has been bo loudly proclaimed 
recently, that the majority of our Industries are very ineffi- 
ciently managed. 

In as much as most factories are controlled 1^ men of com- 
mercial instincts or training, their gauge is necessarily not 
efficiency, of which they know nothing, but profits, of which 
they know a great deal. 
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If we would increase the efficiency of a plant, the problem 
most be pat up to a man who knows at least what the word 
means. Fortunately the man who knows most abottt efficiency 
also fenowB most not only about the application of science to 
the mechanic arts, but also about workmen, by whose side he 
has obtained his knowledge and acquired his skill in the use 
of tools. This man is the engineer. J7e is the only man who 
spans the whole gap between the capitalist and the workman, 
and knows the mental attitude and necessities of each. It is 
on his shoulders therefore that must fdU the burden of kar- 
monieing their interests. 

As said before the engineer has too often been content 
when he has built his machine or plant, and his training has 
largely been confined to preparation for this work. -Now, 
however, when the lai^er responsibLlity of management 
thrusts itself upon him, his education and training should 
include at once the elements of his new duties. 

The greatest problem before us today is not that of de- 
veloping new and better appliances, but that of properly 
utilizing those we have. The recognition of this fact has 
given rise to the tremendous interest in the subject of man- 
agement which has become manifest in the last few years. 
Interest, however, is not enough. Knowledge must be obtained 
before great progress can be made. 

The subject of management may be divided into three 
groups, management of men, management of machines, 
management of materials. The one to which the engineer has 
given the most study in the past has been the management 
of machines. How to care for materials and to move them 
through the factory as they are wanted, so that there may be 
no delay, has been given but little attention. This has often 
been left more or less to chance, and it is very seldom that 
we can find a proper system of storekeeping and routing 
material. We almost never find that material moves along 
its route according to a prearranged schedule. Such a sched- 
ule, however, is necessary in order to keep the workmen prop- 
erly employed, and we have found that proper routing and 
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schedoling of material has not only done mncli to promote 
harmony and efficiency in every shop in which it has been 
installed, bat has prepared the way for a satiafactory method 
of managing men. 

The men are thus largely relieved of the innomerable 
annoyances with which they are troubled in shops without 
a proper system of management, and where evetythii^; is 
done on the spur of the moment by the direct order of a 
foreman. 

In studying bow to use workmen efficiently, we must recog- 
nize the fact that they are just as susceptible to petty annoy- 
ances as their superiors, and that as a rule they are just as 
anxious to take advantage of any opportunities that are 
offered them, if they are benefited by so doing. No sooner do 
we, as a rule, afford opportunities for men to show their 
ability and to advance themselves, than some begin to come to 
the front We most not, however, expect by any system of 
management to produce a revolution. If we can put in a 
system by which the wo^man is benefited and enabled to 
utilize bis powers to the best advantage, although he will 
gradually recognize it, we must not expect him to do so at 
once, for his experience in the past has taught him that his 
employer has no interest in his advancement and will give 
him only such compensation as he is forced to give. Having 
lived under such a condition for years, which is necessarily 
one of antagonism for his employer, time must always elapse 
before he will b^eve that the opportunities apparentiy 
offered him are real. 

If, however, the work ia done under a properly trained 
engineer, who recognizes the advantages of proper coopera- 
tion, and is willing to share them with the workmen, we have 
no difficulty in ultimately bringing him to a proper frame 
of mind. 

Our difficulty has ieen mainly with the commercial man, 
who often seems incapable of considering anybody's interest 
except his own, and ha^ not yet recognized that the prosperity 
of all is directly helped by the prosperity of each. As yet he 
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has no idea of what real cooperation means. His idea of 
cooperation is that of the pack, or herd, whose cooperation is 
for attack or defense. Geo. W, Perking and Samuel {Jompera 
are the most prominent public advocates of this kind of 
cooperation, whieli aims to spoil the outsiders for the benefit 
of those in the ring. 

For that broader idea of coSperation which benefits the 
country and people in general, I refer you to the address of 
Hon. William C. Bedfield, before the National Democratic 
Club of New York City on January 3, 1912, printed aa a part 
of the Congressional Record. Mr. Redfield reeognizea the 
fact that the civilization of today is an industrial civilization, 
and that the nation that first realizes this fact, and acta upon 
it intelligently will put itself far in advance of all the others. 

In as much as it must not be expected that the commercial 
man will thorot^hly understand this for many years, it is 
all the more incumbent upon the engineer to assume the re- 
sponsibility for showing what true cooperation between em- 
ployer and employee means. 

The great development of what is popularly known as 
"efBcieney engineering," but what might more properly be 
called "management engineerii^, " is a recognition of the 
readiness of men having even a little engineering knowledge to 
assume the new responsibilities. The fact that the movement 
is still growing, although many now engaged in it must neces- 
sarily be incompetent, is evidence that some good is being 
done. How much faster it will grow, when all ei^aged in it 
have had a proper preparation for their work! This prepara* 
tion it is the duty of the engineering schools to give. 

In as much, however, as the peaceful solution of our indus- 
trial problems will bring far greater financial gain to the 
commercial man than to the engineer, it would seem to be 
to his interest to finance liberally such engineering schools 
as will undertake this work. 

In the past, merchants and financiers, like nations, have 
been ever ready to spend money to fight their opponents, 
even when they realized what enormous losses these fights 
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involved. Now, however, when the w^ of avoiding sach 
fights becomes clear, it would seem logical for th«m to invest 
a small fraction of the money needed for fighting in the only 
rational scheme that presents itself for the insoiasoe of in- 
dnstrial peace and cooperation. 
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MANAGEMENT. 

BT H. K. HATHAWAY, 
CoDralting Engineer, FliiladelpbiA, Fa. 

Perhaps from the subject it might be expected that I would 
be able to work up an imtraotion card that would enable the 
would-be scientific manager to achieve, through following it, 
immediate and unqualified succesB. The best I can do, how- 
ever, in that direction is to enumerate what seem to me to be 
the fundamental elements which, when properly grouped and 
eombiued in the right proportions in an individual, enhance 
his chances of success. 
These qualities are : 

Steadfastness of purpose. 

Common sense — balance. 

Honesty. 

Tact 

Enthusiasm. 

Appreciation of the value of facts. 

Enei^y or push (willingness to assume responsibility). 

Experience — training — education. 

Humility. 
Of the qualifications making up this list it ia difficult to 
say that any one of them is in all cases more important than 
another. Under varying circumstances each one of tiiem as- 
sumes, at times, preeminent importance. 

Steadfastness op Pdrposb. 

The man who is easily discouraged can not hope for success 

under scientific management. It is to this quality probably 

more than to any other that, after over twenty years of 

patient, persistent, and uncompromising struggle, the world 
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today recogmzea that there is a Bcience of management, and 
honors Dr. Taylor aa its fonnder. With digged peneverance 
he met and overcame what to most men woold have been orer- 
whelming opposition, heart-breaking ridicule, and utter laek 
of sympathy or even nuderstanding from those in whose inter- 
est he labored. This quality is essential to sucoeas, both in the 
man who desires to apply scientific management to the run- 
ning of his bosiness, and in those who nndertabe the work of 
its installation. The former, as will be attested by owners 
and managers, to the management of whose bnsiness the prin- 
ciples of Scientific Management have been Boccessfully ap- 
plied, will have many dark moments when the undertaking 
seems hopeless, and when the strain imposed upon his faith 
by the criticism and opposition of his associates and his em- 
ployees is almost beyond endurance; at such times steadfast- 
ness of purpose is the only thing that prevraits the failure of 
the undertaking and the loss of months of endeavor. 

There will be times when it is undertaken to put into opera- 
tion certain mechanism essential to the application of the 
principles of scientific management that the scheme devised 
will fail to work, not once but repeatedly; under such circnm- 
stances the average man would say: "we have tried it and it 
won't work," and would complacently return to the old 
method, or proceed to try some other scheme which would 
in turn meet with the same fate. It is here that steadfastness 
of purpose is needed in the man upon whom depends the 
development and installation of the new system. As often as 
it fails to work he must straighten it out, strengthen the weak 
points, and si^rt over again, persistently and patiently keep- 
ii^ at it until finally the scheme works. 

In such cases it is usually imiM)S8ible to find ai^ specific 
reason why the scheme should work finally any more than the 
first time it is started, and in my own experience I have been 
amazed to find something that had given so much trouble to 
get going, that I almost despaired of a successful outcome, all 
at once, for no apparent reason, commence to work smoothly 
and easily. The reason for this is probably that there are 
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innmnerable kinks and obstacles so minute that they are 
almost invisible which become smoothed out and removed as 
aU concerned gain a better onderstandinjf of the scheme. 
This is sconewhat analogous to getting a new engine or other 
piece of machinery worked down to a bearing. 

The fact that it is easier to "let a thing go" than to make 
it go is, in many undertakiiigs, accountable for their having 
an unsuccessful outcome. 

COHHON Sense — Balance. 

In the last analysis scientific management is the ^stematic 
and con^stent application of common sense. It is nothii^ 
more or less than common sense : 

To plan what is to be done, before doing it. 

To ss^ematicaUy keep tools and machines in the best work- 
ing conditions. 

To ascertain what is the best and adopt it as a standard. 

The man who does not use common sense in connection 
with scientific management has little chance of success. One 
must have the right sense of proportion and the proper per- 
spective in straightening out the numerous troubles and dif- 
ficulties that arise, both during the development stage of the 
application of scientific management to any business, and in 
the operation of the business to which it has been applied. 

This qualification one would naturally expect to be pos- 
sessed by a majority of men, yet it is amazing to see how 
many men, often brilliant and exceptionally able, fail to suc- 
ceed simply because they lack common sense while men of 
rather mediocre talent succeed as a result of its possession. 

Honesty. 

Any system of management that is not honest is not sci- 
entific management, nor has the man who is not honrat — with 
himself as well as those with whom he is associated — any place 
in it. 

The old style of management bred deceit — ^largely as the 
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result of ignorance. For example: the workman constantly 
endeavored to keep his foreman or his employer from know- 
ing how much work coold be done in a given time. The fore- 
man in turn was expected by the management to know not 
only more than they did abont the practical end of the busi- 
ness, but more than any or all of his workmra, and it often 
took a pretty stiff "blnfl" on his part to make them think he 
knew as much as he knew they expected him to. 

The man who ia to succeed under scientific management 
in any capacity must not be afraid to admit his own mistakes 
and to correct them, nor must he make pretense to know things 
that he does not. Workmen appreciate honesty probably more 
than any other quality in the men under whom they work, and 
it has been my experience that they meet honesty and frank- 
ness with honesty and frankness, but that deceitful practices 
in dealing with them engenders deceit upon their part. I 
have seen a number of promising men meet with failure in 
connection with scientific management simply because they 
were not honest with themselves. There is no place under 
scientific management for the "foxy" men or the ones who 
depend upon "bluff" to get them by. 

Tact. 

This qualification must not be confounded with vacillation. 
The men in responsible positions under scientific management 
must be firm and aggressive, but tiiey must also be able to 
determine when such a course is desirable — knowing when to 
insist and when not to do so. It is found, nsually, that in 
dealing with the higher ofBdals this qualification is called into 
use to a much greater extent than when dealing with foremen 
and workmen. 

By tact I mean the ability to present things to men in such 
a way as to interest them and secure their enthusiastic cooper- 
ation, whereas if the same thing were presented in a slighUy 
different manner it would result in incurring opposition and 
animosity. The old saying that "it is not so much what one 
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iays aa tbe way he says it" is quite trae in the matter of 
preBentingr totally new and radical ideas to men who are to be 
affected by their adoption. It is perfectly possible, for ex- 
ample, to give an order in saeh a manner that the one to whom 
it is given will feel insulted, yet the same order may be given 
in a manner just as unequivocal, but in a perfectly courteous 
way. 

Avoidance of misunderstandings can be accomplished 
through being specific and definite in all of one's dealings 
with others, and would also overcome, in many instances, the 
necessity for the employment of what is commonly called 
"tact." 

Enthttsusu. 

An absolute belief in scientific management as an anqnali- 
fied agency of good for all concerned is a prime requisite, and 
one which the man endeavoring to apply scientific manage- 
ment must possess in order to inspire others with confidence, 
and to gain the heart? cooperation necessary to success. 

Enthusiasm is the force that must be depended upon to 
overcome inertia and to buoy up the spirits of all concerned 
when progress seems hopelessly slow, and eveiything seems 
to go wrong. 

Appbeoiation of the Value ot Pacts. 
The first principle of scientific management as enunciated 
by Mr. Taylor is the development of a science in the place of 
' ' rule of thumb ' ' or traditional knowledge. Unless the one who 
is undertaking to apply the principles of scientific manage- 
ment possesses this qualification, he will, in the first place, be 
unable to appreciate the value of this first great principle, as 
well as being incapable of utilizing the science after it had 
been developed. Perhaps no other thing has stood so much 
in the way of industrial advancement as the lack of this single 
qualification. Innumerable iUnstrations might be given on 
this point, but it would take too much time to go into it any 
further. 
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Ekerot OB Push. 
This cpialifleation is as essentisl in attaining Hoccess under 
acientiflc management as it is in connection with any other 
nndertakii^. In developing and applying the system of sci- 
entific management to any bosineBB, the man who is directing 
the work must see that real prt^p-ess is constantly being made 
at every point He must be willing to take the initiative, and 
to assume responsibility, putting his shoulder to the wheel at 
every point that lags, and encouraging by example as well as 
by precept those whom he undertakes to direct. 

EXPEBIENCB, TBAINlNa, AND EDUCATION. 

A college education is, other things being equal, of un- 
doubted value to the man who identifies himself with scien- 
tific management, either in the management of an industry 
in which tiiis ^pe of managemeat has been installed, or as an 
engineer ^ working out its application to various industries. 

Practical training, however, such as can only be acquired 
through starting as a workman in the shop and progressing 
to the position of gang boss, foreman, etc., is, even in the case 
of a college trained man, an absolute essential. Without this 
sort of training the graduate of an engineering school is of 
little use under scientific management, and, until he has ac- 
quired it, it is not fair — either to him or to those who would 
be under him — to put him in a responsible position where the 
direction of men devolves upon him. 

In speaking of practical training I do not mean working 
a part of one or two summer vacations in a shop, but a suffl- 
eient time to master a trade — in a machine shop from two to 
three years. Not only long enough to acquire manual pro- 
ficiency, but long enough to become acquainted with woA- 
men, to know their point of view, to acquire a respect for 
them, and to lose any unwarranted feeling of superiority. 

Just as the college graduate is handicapped if he lacks 
practical training, so is the practical man who has not had 
an opportunity to go to college handicapped. Either one. 
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howBTer, can overcoiUB Ms handicap if he only is willing to 
make the neeessary saorifice in order to do ao. 

The jadgment and foresight that enables one to get resnlta 
without a pitched battle, to start at the source in correcting 
an evil or in effecting an improvement that is to be perma- 
nent, can only be had as a resolt of experience of a practical 
nature. Aa a matter of fact most of the other qoaliflcationB 
that make for sacc«B8 in thia line are, to B(»ne considerable 
extent, the oatcome of training and edneation. 

Hdmilitt. 

The writer has seen a nomber of promising men fail com* 
pletely, or jeopardize tbdr chances of success through de- 
veloping a case of swelled head. Humility does not necessitate 
being a cringing sycophant, willii^; to subserve one's own 
will and convictions to the whims and opinions of others for 
the purpose of temporarily gaining their good graces, but it 
is the opposite of the sort of "bull-headed" ignorance that 
leads a man to belieye that he "knows it all,*' 

It is the lack of this spirit of humility that leads some 
men, when placed in positions of authority, to assume an air 
of superiori^ toward those working under them, and to dis- 
regard the laws of decency and courtesy that they observe 
when dealing with those under whom they work. 

The great discoveries of science, and the iaventiona that 
have added so much to the world's advancement have not 
been made by men who knew it aU. 

The more one learns the more it should be apparent how 
vastly much more there is to be learned, and this mast be 
the constant frame of mind of the man who is to succeed 
under scientific management. He must size up bis own short- 
comings and regard with sympathy those whose opportuni- 
ties have been limited, and must have respect for the opinions 
and knowledge of others, even in the case of the humblest 
worksr. 
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Mbasubb of SnOOEBS. 

Of conrae there are Tarioos degrees of mcceaa under Bci- 
entiflo management. There is, for example, the d^ree of 
Bncceas sohieved hy Mr. Taylor and the men anch aa Mr. Oarl 
G. Barth and Mr. H. L. Gantt who have been eloBely associ- 
ated with him in his work. This is the type of (mccess for 
which the man mating the application of scientific manage- 
ment to Tarions industries, seeks. 

On the other hand, we have the saccess of those workii^ in 
Tarions capacities in the plants where scientific management 
is being practised, and who owe their success to its inflaence 
and the opportnuities that it has brought ont. A few cases 
of this sort that have come under the writer's observation 
may be interesting, 

Darii^ the past month two men, both of whom started in 
the same shop— ran under scientific management — aa machin- 
ists, secured positions paying them (50.00 per week, whereas 
a few years before tb^ had earned but machinists' pay. 
These men had been promoted eaccessively frma workmen to 
fonctional foremoi in the shop, and then to the planning 
department. The opportunities that came to them were the 
direct result of their training and development under scien- 
tific management. 

Under scientific management the ability and worth of each 
man is brought out and recognized, whereas, under the old 
type of management, "hluS" frequently masquerades, un- 
detected, as the real thing. 

A few years ago a concern emplo3ang about three hundred 
people started to install a system of scientific management, 
and at that time there was employed, in charge of their ship- 
ping department, a man who had not attracted any especial 
attention except as an efScient shipping clerk, in which por- 
tion his employer would probably have kept him on acconnt 
of his handling his job well. This department showed up so 
favorably in comparison with others in the plant, that the 
consulting engineer directing the development of the new 
system persuaded the management to place this man in active 
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chai^ of certain featares of the work, gradually increaamg 
hia scope, antil finally, when the new system had been folly 
developed, the manaf^ment realized that he was the real 
superintendent of the plant, and made him so in name as well 
as in fact. They bad formerly had a snperintendent is name 
only. Incidentally the old superiiit«Ddent was not injured at 
all, havii^ assumed during the period of development duties 
for which he had a natural inclination and for which he was 
better fitted. 

It is not at all uncommon for laborers to become mechanics 
in plants run under scientific management, nor for the 
mechanics whom these men succeed, to become functional 
foremen. 

One of the most interesting cases that has come under the 
writer's observation is that of a laborer who became fint a 
drill press hand, then an all round macMne hand, and finally 
a gang boss. The surprising feature in this case is that when 
this man first came under scientific management he coold 
scarcely write — could not add 1 1/4" to 15/16". 

These are only a few of a vast number of cases tiiat could 
be cited, bnt they serve to show that scientific management is 
not only a good thing for the employer but for the employee 
as well. 
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THE PLACE OF THE COLLEGE IN COLLECTING 
AND CONSERVING THE DATA OF SCIEN- 
TIFIC MANAGEMENT. 

BT WILFBED L£WIS, 
Fradduit of Uw Tabor Mfg. Co., Philadelpbim, Pa. 

By Bcientific maiugemeat is understood that type of man- 
agement which is made to rest apon certain well-defined prin- 
ciplea, in the application of wluc*i the highest efSoiency in 
human labor is attainable. Mr. Taylor has laid down foar 
fundamental principles of management as follows : 

The development of a tme science. 

The scientific selection of the workman. 

His scientific education and development. 

Intimate friendly relations between the management and 
the men. 

These principles have been expanded by other writers into 
many more, but in their application to any given line of woric, 
the development of the science leads to vast sceamnlations of 
data which must be classified and arrai^ed to be available 
for immediate use when needed, and the question suggested 
by my subject is : In what way can the college be made to 
collect and conserve the data of scientific management 1 

Hitherto these data have been accumulated at enormous 
expense, and their possession in the hands of different indi- 
viduals or companies has meant practically the doing of the 
same work with alight variations again and again, simply 
because there has been no common depository of the data ob- 
tained. If a tme science in mani^ement is really attainable, 
there must be a common pool into which the rivulets of in- 
formation may flow, and out of which broad streams of knowl- 
edge can be drawn. The mere accumulation of data without 
intelligent claaaificatiou and arrangement counts for little, 
65 



>vGoo»^lc 



66 CONBBBVINQ DATA OF SOIBNTIPIC MANAQEMBNT, 

and this fact vaa bome in apoo me very forcibly when, after 
great diligence in the aecnmolation of certain records, it 
became more expedient to make new ones than to attempt to 
find what was wanted in sach a faeterogeneooa mass of details. 

To a certain extent the scientific selection of the workman 
can be stadied in our collies, and, by introspection, stadeats 
can obtain very helpful Hu^estiona as to the career best 
suited to their abilities; but the scientific education and de- 
velopment of the workman, and the intimate friendly rela- 
tions betweea the management and the men, when applied to 
teachers aa managers and to students as workmen, takes on 
an unusual signifioBnoe which may well arrest the attention 
of thinking men. 

In modem industry, to which these principles are generally 
applied, the product is some material thing, the output of 
which is to be increased for the benefit of the labor employed, 
the management which directs it, and the public which con- 
sumes it; but in the college, the product is tiie workman him- 
self, a living force fired with the energy of youth and full of 
promise to himself and all the world beside. The molding of 
this material for the market which awaits it, or the develop- 
ment of young men fitted for the battle of life, is surely an 
industry of preeminent importance, and it can hardly be 
doubted that the place of the college as an institution for col- 
lecting and conserving the talents of the rising generation for 
the best uses of the world depends nfore upon the scientific 
management it displays than upon anything else. 

I am not sure that Mr. T^lor had in mind the college as 
a factory for the development of men when he framed his 
four great underlying principles of management, but he has 
always contended that there were no exceptions to their appli- 
cation, and I am inclined to think the up-to-date college must 
not only be alive to the importance of scientific management, 
but it must also absorb and disseminate the principles upon 
which its own efficiency and that of its almnni can be built 
up and maintained. 

Scientific management has hitherto been considered chiefiy 
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as a means for increasiD? the products of labor in induBtrisl 
operationB, and as snch it is knovn to include the wage 
worker, the employer, and the consumer, in ita benefits. If 
"he who mabeth two blades of grass to grow where bat one 
grew before" is a public benefactor, what can be said of him 
who lights the way for every worker to vastly increase his 
ontpat and so raises the standard of livit^ thronghont the 
civilized world t 

It matters not whether the principles enunciated are new 
or old if they are made to bear fruit as living forces, and 
although scientific management is a new term for the general 
development of all industry, it is frankly admitted by its 
chief exponent to have been well established for centuries in 
certain limited fields, and the followii^ extract from the 
"Meditations of Marcus Aurelius" shows that he was alive to 
^ wastefulness of misdirected ^ort nearly eighteen hundred 
years ago. 

"They will taj commonlf, meddle not with many ttungs, if tbon wilt 
live eheerfutlj. Certftiulj thsre ia nothing better than for a man to 
eonfiM himuU to neeesMu? setiona; to mch and bo manj only, aa 
reaaon in a ereatuTe that knowa itself bom for sodaty, will command 
and enjoin. Thia will not only procure that eheerfnhieas, which from 
the goodnen, bat that also, whidi from tlie pandty of ftetionR doth 
nanally proceed. For since it is to, that moat of these things, whidi 
ws either speak or do, are unnecessary ; if a man shall cnt them off, it 
rnnst needs follow that hd shall thereby gain much leisure, and save 
mneh trouble, and therefore at every action a man most privately by 
way of adraonition sDggeet nnto himself, Whatl May not tUa that I 
now go about, be of the nomber of nnnecessary aetionsT Neither must 
he UBS himself to ent off actions only, but thoughts and Imagination 
also that are unnecessary; for so will nnneeesBaiy consequent actiona 
the bettor be prevented and cat off." 

But it remained for Mr. Taylor to prepare the way for the 
accurate determination of a fair day's work by the scientific 
analysis of the elementary operations and the time required 
in detail. With, these data properly classified and arranged, 
it is now possible to determine the time required on work 
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never done before, and when the elementary operstioiu in all 
lines of industry shall have been so analyzed, classified and 
arranged, it will be possible to determine the time required 
for the performance of manual labor under any given condi- 
tion, and even mental effort to a certain extent can be bo 
formnlated. AU labor mast be resolved by analysis into its 
elementary units, and these units may then be combined for 
any desired reanlt. The combinations to a given end may 
also vary, and the resnlt will depend upon the skill of the 
expert who prepares the instractions which he must know to 
be practicable. These instractions are not unlike the labora* 
tory instractions given to college students when they are 
expected to do certain things in a very definite and exact 
way, and very often in a certain limited time, and it may be 
said that the laboratory method is the method of scientific 
management in the progressive workshops of to-day. It typi- 
fies the art of learning by doing, in a very definite clear-cut 
way. It does not tolerate the initiative of the unskilled, but it 
gives more freedom to those better qualified to plan and direct. 
Some of the data of scientific management were therefore col- 
lected and conserved by our colleges long before the term itself 
was coined, and if a department were formed for teachii^ 
the science of management, it might become the reservoir into 
which the working data of all industries mi^t be poured for 
analysis and redistribution in a more helpful form. Such a 
department wonld have an important infinence upon the study 
of political economy and trade unionism, and it might help 
labor to see its real interest in production rather than in the 
highest possible wages for the least amount of work. It should 
be apparent to the dullest intellect that the rewards of labor 
can not exceed the products of labor, that the producers of 
the world are its principal consumers, that high wages for a 
low product increases the cost of living, and that a large 
product adds to the general welfare of the community re- 
gardless of wages, which can not rise above their source as 
measured in the aetnal return of the same labor applied to 
mining the standard of value, gold. 
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All this ihoold be apparent but it is not, becaose the strof^le 
still goes on to get more than is to be had oat of eveiTthing, 
and b7 innmnerable strikes and lock-outs, the prodncts avail- 
able for diBtribntion are continoally depreciated and reduced, 
to the irreparable injiuy of common labor, which suffers 
most from its own blind folly. In natural rights all men are 
equal, and it sfaoold be the aim of a beneficent goremment to 
insore equal opportunities to all. But in ability to embraee 
opportunities men will always differ, and compensation must 
be apportioned to results, if the h^hest etSoiency is to be 
maintained and the lai^iest product realized. The welfare of 
common labor depends, therefore, upon the welfare of skilled 
men who are not content with the same reward and natorally 
forge ahead. 

Those who cannot direct or contr(d must follow the leader 
or come to grief, and in taking their proper places in the 
woiid of industry they contribute in the fullest degree to their 
own happiness and that of the community in which they live. 
The law of supply and demand, freely exercised and applied 
to individuals, can be safely trusted to distribute the rewards 
of labor more justly and more advantageously to all men than 
any of the Utopian schemes which cut out incentive and en- 
deavor to reduce the leaders of men to the ranks, because with- 
out incrative, the efforts of able men will be relaxed, and 
civilization will surely decline. So, in the minii^ of gold, this 
industry will not continue unless the product is at least equal 
to the outlay in salaries, wages, and fixed charges, and what 
common labor realizes in this industiy can not be exceeded 
in any other industry without stopping or retarding the min- 
ing of gold upon which the maintenance of high wages 
depends. The matter of wages is therefore under automatic 
control, and since it does not affect the welfare of common 
labor so much as the total output in which labor participates, 
the main interest of labor clearly lies in the cause of efficiency. 
But how long will it be before this is recognized by the rank 
and file, and have we not in the philosophy of scientific man- 
agement another field for the activities of college men T Effici- 
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eney sttffera for want of expoonders, and a vast amount of 
energy is misdireeted by imwortliy leaders to miMbierooB 
ends. Wbrai properly understood and applied there u no 
conflict between capital and labor onder scientiflc manage- 
ment, and capital is recognized as a factor equal in importance 
to labor itself, withont wlueh tbe condition of labor would 
indeed be discoaraging. On tbe other hand, the concentra- 
tion of fabnloQs wealth in a few bands, when heralded as it 
is in the newspapers and flaonted in the eyes of the desperately 
poor, cannot fail to canse discontent with mntterings of resent- 
ment and threats of violence and revolution. And wbUe it is 
tme that prosperity depends upon the enei^ bom of ambi- 
tion, the time will surely come -wheai the conditions which 
permit such monstrous aecumulations will no longer exist, and 
by the operation of beneficent laws, predatory wealth will 
be automatically returned to the commnnity from which it 
was drawn. This can be done in such a way as to impose no 
obstacle to the reali2ation of any reasonable ambition, and 
yet to make the acquisition of unlimited wealth attended by 
increasing difficultiea The data of scientific management 
wonld then be applied to the functions of government, as well 
as to ways and means for the accumulation and distribution 
of wealth, and there is really no limit to their fruitful possi- 
bilities. 

I conceive it to be the function of collates to collect and 
conserve the data of the sciences which they undertake to 
teach, and if scientific management is to be one of them, the 
data upon which it rests should be included. 

In my own business, these data eongist, roi^hly speaking, 
of certain elements which have been arranged in the form of a 
chart beginning with the charge for general expense divided 
into auxiliary, business, and manufacturing, followed by 
classifioations for stores, worked materials, tools, machine 
tools, and materials. These classifications are subdivided and 
their subdivisions are again and again divided until we finally 
arrive at our slide rules for machine time and tabulated 
records for the determination of handling time. The former 
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apply especially to the particular tools and macliines in actaal 
use, and the latter to information more general in character 
which would be applicable to machine shops anywhere. It 
may be impracticable to collect and conserve for general ose 
the data for slide mles or the slide mles themselves designed 
especially for certain machines. Thia might be done by the 
machine tool builders, and the tesolts obtained might or might 
not be their beat sellii^ ai^nments. The HnTirTliTig time, how- 
ever, is of more general application, and some clearing honse 
should be provided for its reception and distribution to avoid 
the expanse consequent upon the repetition of this work by 
independent investigators. 

I had thought at one time of the college as the natural 
depository and distributor of ^lis information, and for thia 
reason I believe my snbject was assigned, but we now have 
engineering societies, some devoted in part to scientific man- 
agement, others to it ezclosiTely, and this Society for the Pro- 
motion of Engineering Educati<ai, any one of which might 
act as custodian for the data of soientifle management, and 
with all these avenues open to those interested in the results, 
it seems to me that the subject belongs more particularly to 
the Society to Promote the Science of Management than to 
any other, and that the place of the college is to participate in 
the results and lend itself as far as possible to the development 
of a true science from the data obtained. Its help is also 
needed in the art of teaching, for under scientific management 
every plant of whatever description becomes in effect a trade 
school where unskilled labor is trained and directed to a 
broader and better sphere of usefulness. The acquisition of 
knowledge is one thing, and the art of imparting it to others 
is necessarily in the hands of men who have never been trained 
as teachers. College methods could therefore be studied to 
advantage by scientific managers, and the mutual interchange 
of ideas and experiences between managers and teachers could 
hardly fail to be of great benefit to both. 
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AN AUXILIARY TO COLLEGES IN THE TRAINING 
OF SCIENTIFIC MANAGERS. 

BT BOBEBT THDBBTON KENT, 
Editor of Induftruil Engineermg, New Tork. 

The writer has always had a high opinioo of the plan iaan- 
garated by Dean Herman Schneider at the University of Cin- 
cinnati for the training of engineers, that is, the spending of 
fl portion of the college course — which is five years in length 
— in the shops of Cincinnati or nearby towns, dnrii^ which 
period in the shops the stndents work side by side with the 
regular workmen, receiving instraction and trainir^ in shop 
methods which it woold be impoaeible to give them in the 
college shop. Although the length of the course seems ezeess- 
ive, the plan is an admirable one in many respects for training 
engineers who are to become machine shop superintendents, 
managers, or to hold positions of similar character in otiier 
manufacturing lines. Without doubt, the same idea could be 
successfully applied to other lines of engineeriug work, such 
as the various phases of civil engineering, electrical engineer- 
ing, power plant practice, heating and ventilating or any one 
of the many specialties in which the mechanical engineer finds 
occupation. 

While scientific management is comparatively new, yet, in 
a number of industries in this country its principles have been 
applied with uniform success. These shops, in the writer's 
opinion, will form the best auxiliaries to the colleges in the 
training of scientific managers, operating with respect to scien- 
tific management courses in the colleges, exactly as do the 
shops of Cincinnati to the engineering course in the TJniver- 
Edty of Cincinnati. It is not necessary for the purposes of 
training an engineer in the principles of scientific management 
that be study the operation of these principles in a machine 
shop. The principles underlying scientific management are 
92 
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the same in every iudnstiy, and the student in a management 
oouTBe can stady their operation folly as well In a textile mill 
or a printii^ establishment, as in a machine shop. It may be 
that he can stady them even better, for in many industries 
there is not the complexity of operations that obtains in 
machine work, which might appear to befog the dear discem- 
ment of the underlying principles. 

The most powerful auxiliary to the college in the trainii^ 
of scientific managers, therefore, is the shop in some line of 
indostry which is operated according to the principles lud 
down by Br. Taylor. It is not to be expected that a Btndent 
should become a finished textile worker, printer or machinist 
should he use one of these industries as an auxiliary to a 
management conrse, bnt he can learn in the moat thorough 
manner in any of these industries, the principles of routing, 
of scheduling, of planning, of time-keeping, store-ke^ii^, and 
he also can learn by acting under the instructions of one of 
these officials, the functions of the speed boss, the gai^ boss, 
the inspector and the disciplinarian. In the planning depart- 
ment, he can act, always nnder superriaion if necessary, as 
instmction card man, time and cost clerk, route clerk, etc. 

The plan the writer adyocates in the training by colleges of 
men to fill positions under scientific management, is that each 
college having such a course arrange with one or more indus- 
tries in its vicinity to have its students spend a part of their 
time in that industry, much along the lines that the students 
in the University of Cincinnati spend their time in the shops 
of that city. The course should be arranged bo that the stu- 
dents will spend several consecutive days or weeks each month 
in the shop, performing the functions of one or more of the 
planning department ofBcials or of the functional foremen 
out in the shop. 

The writer is of the firm belief that engineerii^ education 
is of comparatively little commercial value until it is supple- 
mented by practical training in commercial work, whether 
that work be shop practice, construction work or any other 
line which the student electa to follow subsequent to the oom- 
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pletion of his college courae. This idea applies just as much 
to engineering work wbicli specializes in management as it 
does to engineering which specializes in machine design, power- 
plant practice or any other line of engineering. The student 
who has studied the theory of managemrat from books and 
depends upon this theory alone is apt to encounter many pit- 
falls in his attempt to apply what he has learned. The big 
problems in management are not those of following a certain 
fixed set of forms or rules based on the fundamental prin- 
ciples enunciated by Dr. Taylor. The vital problem in man- 
agement is that which involves a human element. It is psy- 
chological and until the would-be manager actually comes in 
contact with the workmen and comes to understand the atti- 
tude of the workmen toward all in authority above him and 
toward his woi^, he will inevitably fail in his attempt to be a 
BQCcessful manager. This knowledge cannot be gained in the 
class-room. It must be gained by actual physical contact with 
the workmen. It is, therefore, the writer's opinion that no 
college giving a course in scientific management can have a 
better auxiliary than a close working connection with some 
industry that is operating under the principles of scientific 
management. 
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TEACHING SCIENTIFIC MANAGEMENT IN 
ENGINEERING SCHOOLS. 

BT BOBEBT B. WOLF, 
Managing Engineer, Burgess Sulphite Co., Berlin, N. H. 

It is not my purpose to go into an elaborate discnsaion of 
the principles of scientific management, but simply to give 
briefly my reasons for believing that it should be taught in 
onr engineering schools. In this day of keen competition no 
mannfactnrii^ establishment can be condacted Bnccessfally 
by the old "rule of thumb" methods. This is especially tme 
in that class of manufaetnring which has been established for 
some time and where competition and increased coat of raw 
materials have reduced the margin of profit There are quite 
a number of establishments, such as machine shops, foundries, 
etc., where the principles of scientific management have been 
worked out to a very fine point by Dr. Taylor and otiiers. 
Any one starting out in this line of work need not be put to 
the trouble and expense of conducting a long series of costly 
experiments to determine such a question, for instance, as the 
proper method of cutting metals. A thorough course out- 
lining these principles can well be added to the curriculum of 
our engineering schools. This course should describe in detail 
the methods used in up-to-date machine shops, going into the 
subject of "time study" work, store system, and general ac- 
counting, which will undoubtedly save many a young engineer 
from spending his time going over the ground already covered 
by others. He could then devote his energies to extending 
the field still further. 

In some industries the principles of scientific management 
have been so well worked out that it is hardly any longer a 
question as to what are the beet methods to pursue. If the 
engineering schools will take up this subject, it will enable 
the students to profit by the experiences of others, thereby 
65 
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tendii^; towards altimate economy in manafactnring methods. 
The very excellent treatise on the art of cutting metals, by 
Dr. Taylor, might well be used as a text-book, even though the 
student does not intend to follow machine-shop work. A 
careful study of this book, so that the principles involved are 
recognized, will assist materially in pointing out the general 
methods that should be followed in pursoing any line of 
investigation. These identical principles have been adopted, 
for instance, in the cooking or boiling of pulp in sulphite 
digesters. 

A coarse describing the methods in use in making motion- 
study might well be added, as this is an important part of scien- 
tific management. As an illustration of this, there is one Large 
pulp manufacturing concern that was able to save over $200 
per day in freight paid to the railroad companies, by a careful 
motiou-stady to eliminate lost time in the operation of its 
hydraulic press equipment for pressing moisture out of the 
pulp. There should also be included a course describing the 
various methods of rewarding men for their increased effi- 
ciency. This must be gone into very carefully in order to 
point out the danger of attempting any kind of piece work or 
bonus system, without scientifically determining in advance 
the best methods to follow. Mistakes made by imitators of 
scientific management might have been avoided if a more 
thorough tnowle^e on these subjects had been available. 
The methods for rewarding foremen and department heads, 
so that they will be stimulated to their best efForts, should 
also be studied, as well as those used to determine the departs 
mental efficiencies. 

Another important subject is the use of graphical methods 
for analyzing tte resolta of investigation and keeping track 
of operating conditions. Considering the extreme simplicilT' 
of this method and the impossibility of obtaining intelligent re< 
suits in any other way, it surely seems that this subject should 
be given a great deal more attention in our technical schools. 
There is nothing new, of course, about graphics, but its general 
application to business is new and should be studied. 
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All of this, of coarse, liiTolTes experience and it is highly 
desirable that the subjects previoosly referred to in this paper 
be tanght by men who have had experience in putting these 
[irinciplra into operation. In my jadgment it would be im- 
proper and might be prodactiTe of harm rather than good 
if college instructors simply took up the subject by text-book 
and attempted to teach it. The true principles of scientific 
management cannot be comprehended in this way alone, as 
the practicable conditions can only be learned by actual con- 
tact with the work and have a great bearing on the final con- 
clusions. If this subject must be taken up by the regular 
iostructors in the engineering schools, they should be given 
permission and time to go into the manufacturing establish- 
ments now operating under this system, to become thorot^^hly 
familiar with it. After having done this they will be in a 
much better position to teach the subject in an authoritative 
and interesting way. 

After having acquired a knowlec^ of the mechanism of 
scientific management the student should also be taught the 
general philosophy of the subject and it would be well to 
include in this connection a course in bicJogy and practical 
psychology, for the reason that the true test of scientific man- 
agement is that it improves and elevates the mental and 
physical condition of the workman. A wrong impression has 
been given by some of the opponents of scientific management, 
who claim that it tends to make automatons of men. If this 
haa been done in any of the industries it is because the true 
principle has been departed from and for this reason, if for 
no other, the treating of the subject in a comprehensive way 
in our engineering schools would be a great advantage, and 
would tend to prevent mistakes of this character. 

One other thing that scientific management has pointed out 
very clearly is that the physical condition of the men should 
be considered to its fullest extent and that the men who are 
overworked and workii^ in unhygienic surroundings are in 
the very nature of thit^ boimd to be more or less inefficient. 
A general treatment, therefore, of hygienic law is necessary 
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as well as a coarse in physiology and personal hygiene. A 
great many men are inefficient largely becanse they lack a 
knowledge of how to take care of themselves, so that it is part 
of the system of scientific management to conduct a campaign 
of education along these lines. This, of course, cannot be done 
intelligently onless the men at the head of the organization 
realize to the fullest extent what this means. 

It seems to me, in view of the fact that our engineering 
schools are turning oat the men who become the heads of our 
large manafactnrii^ concerns, that it is of the utmost im- 
portance that they sold out theirstadents thoroughly equipped 
with a knowledge of the principles of scientific management 
and in this connection I believe that the course should include 
visits by the students to establishments now operating under 
this system. This would not -only tend to make the coarse 
more interesting, bat would fix in a more permanent way the 
things learned from the text-books. In conclusion, I can say 
that the large progressive manufacturers of the country would 
welcome the thought of our ragineering schools taking up 
this subject. 
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THE TEACHING OF SCIENTIFIC MANAGEMENT 
IN ENGINEERING SCHOOLS. 

BT H0LLI8 QODFBEY, 
Co'unilting En^eer, Weit Medford, Uus. 

Two problems eoafronted the writer of this paper when he 
began his work : 

First, to take the eni^eering school as it commonly exists 
today and use its equipment effectively in the creation of a 
practicable course for men who desire to follow the profes- 
sion of industrial or management engineers. 

Second, to take the student as he is and to equip him well 
for his work, givii^ him studies which will be of retd value 
and which he cannot as well acquire afterwards in the shop. 

It is merely good management to use all the facilities which 
now exist in the engineering schools. Their regular courses 
are, in my belief, admirably adapted to their purposes and 
admirably conducted as a general thing. I propose to use 
those courses in the training of the industrial engineers so far 
as possible. There is room in scientific management for the 
man trained in every type of engineering. I propose that the 
student of the science of management shall take three years 
out of four in some one of the regular courses in engineering, 
devoting one year's work, made up of half the work of the 
junior year and half the work of the senior year, to the direct 
courses in scientific management and to their allied courses. 
The allied required courses are often given in engineering 
schools, and are almost always given in the colleges of arts, 
vriiich commonly exist combined with engineering schools. 
The direct eonrses advised here are given in the form pro- 
posed, so far as I know, in no engineering school, and amount 
to four half courses. The progress of the work, as will be 
noted later, requires that the work in scientific management 
shall be begun in the junior year. I believe that the plan 
outlined here is practicable and will enable an engineering 
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bcIlooI to make the beet use of its present eqaipment in the 
traioing of the indofitrial engineer, I believe that all the 
content of these coorsea can be much better acquired in the 
engineering school than in the shop after graduation. 

The American ondergradoate today, both in the college and 
in the technical school, appean to me marked by a moat pro- 
found ignorance of industrial conditions, both in general and 
in detail. Whether that condition comes from modem city 
life or not it is not the province of this paper to discuss. All 
the evidence at my disposal goes to show that it exists. I do 
not believe that any lecture eonrse can conquer l^t ignorance, 
for I do not believe that the average student has any basic 
knowledge, apperceptive basis, if yon will, on which to build 
the theory of the science of management. For that reason I 
should prefer to make it a prerequisite to the junior and 
senior courses in industrial engineering that the student elect- 
ing these courses should be required to spend the sophomore 
and junior vacations in the shop. I should assign more hoars 
a week to shop or laboratory work than to lecture and reci- 
tation, but not more laboratory periods. 

It is partly because of the ondergradoate 's ignorance of 
indnstrial conditions and partly because the opportunities of 
the shop to give trainii^ in the aciesce of management are 
limited, that I state my firm belief that a man trained for four 
years 1:^ the plan outlined here will be far better equipped to 
handle indnstrial problems than a man graduating from one 
of the regular courses who attempts to obtain his knowledge 
of the science of management in the shop. I had believed that 
the basic theory of the technical school, namely, that the 
student could advance far more rapidly in the school than in 
the shop, had been settled long since. It is on that basic edu- 
cational theory that I propose the training of the industrial 
engineer in the engineering school, yet to my surprise I find 
some engineers proposing to make shop trainii^ alone serve 
the special needs of the industrial engineer, thus proposing a 
theory which is quite outworn for the other branches of engi- 
neering. Shop and school are too firmly welded to-day to 
allow either to stand alone. 
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Ab regardB the qaestion of whether it might not prove vim 
to give one or two extra years to the training of the indngtrial 
engineer, I have expressly ezcladed this proposition from my 
paper, as I have limited myself to the discussion of the engi- 
neering school as it is. I, therefore, took the four year oonrss 
as my basis. 

With the assumption that the work of the student of scien- 
tific management during the first two yeara will be the same 
as that of the stodent in one of the existing ei^ineering 
courses and with the assumption that the student has spent 
his sophomore vacation in the shop, suppose we start the 
student selecting scientific management, at the beginning of 
his junior year and discuss the direct and allied courses in 
scientific management which he will take in the two years 
before graduation. That brings us directly to the question of 
what powers and what information should be given the student 
of this subject. As regards the powers, the best way that I 
know to obtain some statement of those is to turn to the 
powers possessed by successful industrial engineers of my 
acquaintance. 

According to my analyos the essential powers possessed by 
those successful engineers are the following: 

First, the power of using the work done by other men. That 
power saves a man from repeating uselessly work done before, 
saves him from repeating the mistakes of others and enables 
him to bnild on the foundation of the best work already done. 

Second, the power of perspective, of adjustment to environ- 
ment, of seeing the proper relation which a process bears to 
the other processes in a plant, or that a plant bears to its in- 
dustry as a whole. 

Third, the power of research, of so collecting, correlating 
and translating masses of facts as to obtain their meaning. 

Fourth, the power of the making of designs and the carry- 
ing out of construction in the basis of the facts obtained by 
research. 

Fifth, the power of expression, gained lai^Iy through the 
stu^ of English, which makes both research and construc- 
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tion BO intelligible and useful that no time is wasted throosli 
unintelligibility. 

After powers comes information or perhaps it would be 
better to say that powers and information combined bring ua 
to coursee allied and direct. The first allied course that I 
should require of the student is economics. The industrial 
engineer must work with both men and machines. It is his 
task to produce, to bring order out of indtiBtrial disorder, and 
the history of economic advance, as well as the advances of 
present day economic research, must be placed before him if 
he is not to waste time in repeatii^ needlessly the economie 
mistakes of the past. The industrial engineer must have the 
light of economics upon his work. He must be able to use 
intelligently the new work in eeoaomics, but it must never be 
forgotten that he is personally a scientist, not an economist ; 
that, to use Ely's phrase, he is to deal mainly with natural 
rather than descriptive science. 

So mnch for the necessity of the work in economies to which 
I have assigned a course and a half. Two full years have 
been assigned to those courses which aid the industrial engi- 
neer to understand the physical and mental condition of the 
worker, one year of physiology, hygiene and sanitation and 
one year of psychology, inclading experimental p^chology. 
I believe that no single factor is to take more commanding 
place in the development of the next years is scientific man- 
agement than the work to prevent the evil effects of the old type 
of management, of speeding up, of rush work and of disa- 
greeable and dangerous processes. The effect of industry on 
the human frame and the human mind, the replacing of false 
theory with scieutifieally determined facts as regards the phys- 
ical and mental condition of the worker, will be a part of the 
work of every industrial ei^neer. The graduate in this 
course must not only have acquaintance with the present state 
of knowledge in the subjects specified, he must be able to use 
the advances of knowledge obtained by the sanitarian and the 
psychologist. 

Of the necessity for a half course in the theory and practict 
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of acGOontiug it ia perhaps merely uecessaiy to speak of the 
necessity for the industrial engineer to have a tboroogh knowl- 
edge of costs and of their relation to the books of the regular 
accounting syatem. The industrial engineer must, in the last 
analysis, have his eye constantly upon costs, for in no pro- 
fession is it more necessary not to have the work cost 
more than it ia worth. Smnmarizuig the allied courses we 
find that the Hat is as foUows : One year and a half of eco- 
nomics; one year of physiology, hygiene and sanitation; one 
year of psychology including experimental psychology; one 
half year of the theory and practise of accounting. I assume 
that equal amounts of lecture and recitation time are allotted 
to each full course, so that Scientific Management 1 A and 1 B 
for example, would use the same number of lecture and reci- 
tation hours as Economics 1. The laboratory hours required 
for the Scientific Management eoiurses would be additional 
to this. 

As regards the content of the allied courses proposed here, 
it seems to me that the conditions existent in different insti- 
tutions vary so greatly as to make it impossible at present to 
advise specifically the ground that these courses should cover. 
In each case the relations between the direct and allied courses 
must be determined by the cooperation of the men in ehai^ 
of the work, and the content of the allied couraea will be 
affected by those relations. I advise specifically here as re- 
gards the content of the courses in Scientific Management, but 
I feel that the welding of these courses with those now existent 
is an individual problem which each institution should solve 
for itself. 

Turning directly from the allied courses to the direct 
courses in the science of management, we find that these 
courses divide naturally into four half courses. Scientific 
Management 1 A, the first, is intended to give the student a 
general view of industry and of the principles of scientific 
management. Scientific Management IB considers the prob- 
lems presented in the planning of work and of all operations 
preceding the actual shop operations. It lays especial stress 
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upon the lesaon to be taught throughoat, namely, that scien- 
tific management is a science to be solved by scientific meth- 
ods. Scientific Management 2 A takes up the problems of 
work in the shop with especial reference to the workman and 
his machine. Scientific Management 2B considers the re- 
sults of the work done in 1 A, 1 B and 2 A, and takes up prob- 
lems of costs, of purchasing and of sales and especially con- 
siders the scientific determination of the policy of a business. 
Each of these courses is aimed to meet certain definite 
needs or to furnish certain necessary information. Sum- 
marizing these needs in the case of Scientific Management 1 A 
we may say that this course is designed : 

1. To meet the ignorance of the student concerning industry 
and to give him some understanding of the fiow of work. To 
give him some understanding of the principles of the science 
of management and of general methods of the scientific attack 
of industrial problems. 

2. To make him realize the main common factors in in- 
dustry. 

3. To make him realize the main differing factors which 
make every plant in every industry a new problem, 

4. To show him the methods of statistical research by which 
laws and principles are determined. 

5. To train him in observation, to enable him to separate 
process from process and function from function. 

6. To give Mm actual examples of the application of other 
sciences to the problems of management. 

To accomplish the purposes just laid down I propose that 
the student in this coarse shall make an examination of four 
industries, taking one representative plant from each industry, 
and that he shall examine every step in the Bow of work from 
the first inquiry of the customer to the final settlement of the 
account, examining these steps broadly without going into 
their details. To put it another way I propose that the stu- 
dent in this course shall study the broad divisions of four 
plants in actual operation, leaving the study of the subdivi- 
sions to foUow in the next three courses. Together with this 
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esaminatioii of actual conditions I propose that the stodent 
cdull examine those factors eominoa to all the industries and 
the factors which are different in each indnstry. 

Few things are more important in the veiy beginning of the 
student's work than to have him see that s system built for 
a given plant and working admirably for that plant will not 
apply in another plant aa it stands, for the simple reason that 
the different factors in the second plant require study before 
the systems involving these new factors can be deseed or 
constracted. It is most essential at the very start to make 
the student realize that he must rely on science and not on a 
previously obtained mechanism to solve the problems of each 
new case, that he most solve his problems by the use of the 
principles of scientific management and not by the application 
of any ironclad system. That lesson once learned opens the 
road to the proper study of the principles of the science of 
management and of the methods used by that science. These 
methods are, of course, practically those used by every other 
science, yet one part of them, the methods of statistical re- 
search, the proper translation of masses of statistics, the ob- 
tainii^ of the signifieast figures, if you will, needs more 
emphasis in the case of the student of industrial engineering 
than would normally be required of students in most of the 
other engineering courses. Our knowIe(tee of methods of sta- 
tistical research is increasing daily. Tfaey offer too valuable 
a tool for the induetrisl engineer to be omitted from a course 
in scientific management. 

In this connection it is important for the student to learn 
that the mere accumulation and even the correlation of data 
may have no value and may be an extremely expensive habit, 
provided judgment is not used in the selection of the data to 
be studied and provided the data, once assembled and corre- 
lated, is not rightly tran^ted into usable form. Few things 
need the control of ctnnmon sense more than statistical re- 
search. Few things are more valuable, once that control is 
exercised. Work in graphical analysis should prove of assist- 
ance here. 

It is extremely necessary in a conrae such as is here out- 
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lined that the stadeat should be required to test and retest 
his knowledge. No student should be allowed to complete this 
coarse without handing in a report showing a careful stndr of 
the main processes in some plant in aetnal operation, prefer- 
ably a plant engaged in some industry not among the four 
industries chosen for the conrse. 

Having gained his perspective in the first course in scien- 
tific management the student may begin the study of detail 
in the second course in which, as has already been said, it 
seems advisable to consider the planning and preparation 
processes which occur previous to the passage of the work 
into the shop. This course involves the detailed study of a 
group of the main factora involved in management, routing, 
stores, etc., determining the subdivisions of these factors for 
individual cases but excluding direct machine operations. 
Methods of collecting all available data concerning t^ese 
factors of industry, the making of a science out of the opera- 
tions of an industry through the collection, correlating and 
expression in useful form of all data concerning an operation, 
should be shown here with especial reference to the working 
out of the first principle of scientific management as given 
by Dr. Taylor. Mechanisms derived from scientific study and 
already in use in different places should be considered and 
basic likenesses in these mechanisms discussed. Differences, 
existing in different industries, should be considered and it 
should be made plain that these mechanirans, being based on 
scientific study of principles, will differ outwardly in different 
cases but vrill be basically the same. 

The fact that men and machines, and not machines alone, 
are studied in the science of management must be brought 
out here in connection with physiology, hygiene and sanita- 
tion. The effect of heat, light and air on the workman, the 
problems of fatigue and the deleterious effect of the rush 
work of the old type of management should be especially con- 
sidered here. 

The student in this course should not go back of the point 
where the orders are transmitted from the sales department 
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into the factory, bat Mb stady of the preUminary processes 
should begin at this point, pass through the atadj of design, 
of preparation of material or stores, through stady of the 
principles of stores, throngh routing, order of work and the 
control of work going through the shop, and should include 
some symbolization and some studies of the general articula- 
tion and functionalizationof the planning department Stady 
of the problems of tools, of time study and of instruction 
cards, although technically, perhaps, included in this diTision 
of the subject, should be left until the following course. 

When the student has completed the course outlined above 
he should have a fair knowledge of the best practice of indus- 
trial engineering in its relation to the planning of work. He 
should have a fair conception of the methods of attack by 
which industrial difficulties have been solved and the way in 
which they may be solved by the application of the science of 
management He should himself have gained some power in 
the solution of practical problems and he should be required 
at the end of this coarse to prove his ability by the aetnal 
solution of an actual problem of the planning roooL 

Scienti£c Management 2 A purposes to take up the prob- 
lem of the passage of work throngh the shop from the begin- 
ning of the first machine or hand process applied to the raw 
material to the delivery of the finished article to stores or to 
t^ shipping room. It involves a study of machine and hand 
processes but this is but a part of its work. It is in this 
course that the student first meets the great problem of the 
task, of the sabstitution of the justice of science for the guess- 
work of man as a basis for the cooperation of employer and 
employee, and meets the problems of education that are in- 
volved in the theory of functional foremanship. 

We may outline briefly the subject matter of the course as 
follows : 

1. Study of the task with a view t« the elimination of all 
disagreeable and dangerous elements. 

2. Study of the task with a view to determining the duties 
of the management in obtaining the right task. 
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3. Stod; of the task with a view to machine impTovemeiita. 
(These studies should be done in the shops of the school.) 

4. Study of the education of the workman. 

5. Study of fnnctionalization iu the shop. 

6. Proper methods of instniction card writing. 

7. Proper methods of record. 

The following subjects should also be considered here : 

8. The selection of the workman. 

9. The study of phydological and psychological factors in- 
volved in certain given cases. 

The student who gains what he should from the course in 
Scientific Management 2 A should gain far more than the 
technique of time study. He should make appreciable gains 
in his power of observation and of analyms. Be should gain 
the conception that time study, far from beii^ a weapon to 
wrongly speed up a worker, furnishes a means of removing 
the disagreeable, inefficient and dangerous elements of a work- 
er's task. He should gain facility of ezpressoo in the practice 
of making out instruction cards, improve his power of choice 
in the selection of tools for tool lists, and gain a considerable 
appreciation of the best methods in Yogae to-day for the in- 
crease of the efQciency of men and machines. 

No part of his work should give the student more under- 
standing of the problem of obtaining the workman's coopera- 
tion than his study, towards the end of this course, of the 
problems of the scientific selection and development of the 
workman as laid down in the second and third of Dr. Taylor's 
principles of scientific management The year's work in 
physiology, hygiene and sanitation which has preceded this 
course, the work in psychology which goes on with it, should 
be of great aid to the student in his effort to comprehend these 
most important principles. 

At the end of this course, the student should present a re- 
port of a rather comprehensive nature involvit^ the deter- 
mination and expression of a task. This report should involve 
not only time studies, but all the expression of the task as 
shown in the writing of instruction cards, tool lists, work of 
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fonctional foremen, etc. The work in English should show 
ita Tslue here. 

Scientific Management 2B, the final coarse, conmders the 
results and records of planning and of work in the shop. It 
should cooader the effect upon design of the records made in 
both of the previous courses and especially the effect upon the 
poliG7 of the firm of the weak and strong points brought out 
by the scientific study of the various problems involved. The 
latter part of the course should be given up to a general re- 
view of the whole subject and should give especial oonsidera- 
tion to the fourth of Dr. Taylor's principles of scientific 
management, the new division of the total burden between 
management and operative, as shown in all the courses. 

Summarizing the general subject matter of this course, we 
may say that this fourth section should concern itself, first, 
with the proper recording of the work done in respect to time 
and to costs ; second, with methods of wage and bonus deter- 
miziation; third, with methods of inventory taking and pur- 
chasing curves; fourth, with methods of design in scientific 
management ; fifth, with a general review. Then, as detenmn- 
iog future policy, should come the study of sales curves and 
cost curves, those great aids in determining what classes of 
business really pay. 

The wide-reaching possibilities of using the investigations 
of scientific management in determining the policy of a busi- 
ness, in respect to design, to classes of product, to choice of 
customers, and to determining the field of sales has received aa 
yet but little outside notice. Of the two functions of cost, one, 
the use of costs in determining prices, has received a fair 
share of attention. The other, the use of costs in determining 
the most profitable classes of business, receives to-day nothing 
like the attention that it merits. The work in costs should 
not only teach the student methods of cost distribution which 
will distribute every penny expended in a given time upon the 
product manufactured in that time. It should teach him also 
to use costs as a constant check upon the progress of his own 
work and as a guide to the future direction of a business. 
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Sales corves added to eost corves throw still more light 
upon the problems of the most favorable fields to attack and 
the classes of goods which seem best soited.to both the prodoc- 
tion poBsibilitlea of the factoi7 and the requirements of the 
euatomers. In a great nomber of the factories of the United 
States to-day the sales and the manofacturing departments 
live in a state of warfare. Service is pitted constantly against 
production. It is peculiarly the province of the industrial 
engineer to determine by study the actual bsais on which the 
most profitable service and production can be given and to 
bring the sales department and the factory into harmony. 

The problems of the TnwT'iT"""' and Tninimnin quantities to 
be carried in stores, requires careful study if a plant is to 
avoid the two extremes of being out of material or of looking 
op too much money in stores. Both extremes are dangerous 
and both should be avoided by scientific study and not by 
guesswork. Work of this sort begun earlier may be amplified 
in course 2 B. 

The application of these investigationa to design, governed 
largely by the charted studies of time and costs, has pro- 
duced remarkable results both in the adaptation of design to 
the needs of the customer and consumer, and in the cutting 
down of the costs of the article. The final course, Course 2 B, 
is the place for the discussion of these points. 

At the end of the course the student should make a report 
embodying actual reports of time and cost, of sales and pur- 
chasii^ corves for a given plant. 

As regards the methods of inatruction, — lecture, recitation 
and laboratory are all mingled in about the usnal proportions. 
The laboratory work must largely be done in ^ed friendly 
plants, but the present day interest of manufacturers in tech- 
nical education shonld make this easily possible. No task 
setting should, however, be dose elsewhere than in the shops 
of the school. That is too delicate a matter for student hands 
and involves too many possible difficulties when done by others 
than experts. 

I left teaching a considerable time ago wIko I took up 
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the Btady and praetice of the science of management, but 
I believe I have not lost any of my interest in effective teach- 
ing or any of my beliefs in education. Thia paper is the 
outcome of my istereets and beliefs in education and in scien- 
tific management. And I believe in scientific mam^^ement 
because in the period during which it has been my good 
fortune to have been associated with Frederick "Winslow 
Taylor, I have never found any industrial problem which the 
science of management would not solve. I have seen with my 
own eyes marked savings in money, marked advances in serv- 
ice and production, marked improvement in the condition of 
the worker. With that personal experience it is perhaps no 
wonder that I have become an enthusiast on the subject, that 
I look for its advancement in every way and that the teaching 
of scientific management should interest me deeply. 

I believe that with the training outlined above, properly 
given by qualified men and properly assimilated by the pupil, 
the student should reach the end of his course a thorough 
believer in the science of man^emeut, with the desire and 
ability to use the scientific spirit in the solution of the prob- 
lems of industry. He should have a mind that is willing to 
accept and use all that is beet of the work of other men, yet 
he should be constant in the pursuit of knowledge. The 
industrial ei^ineer will never be a man who "knows his own 
business" for he knows that no man can measure or limit the 
advance of science, f^e from dogma and from prejudice, 
blessed with the open mind and with the equipment of modem 
science the indiutrial engineer, so trained, should be prepared 
to do his part in bringing justice and betterment to every 
worker everywhere in the new industrial day. 

Note. — In the preceding paper I recognize that I present 
the view of one man, aided by friendly criticismB. The de- 
velopment of a course of the kind proposed here must be, in 
the last analysis, the work of many men. It has been my aim 
throughout this paper to make definite statements which can 
be definitely shown to be practicable or impracticable in a 
given case. Deeply interested in the problem as I am, I shall 
welcome all constructive criticism. 
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TEACHING THE PRINCIPLES OF SCIENTIFIC 
MANAGEMENT. 

BT WALTEB BAUTENSTBAUCH, 
Prof«gsor of Uechauioal EDgineering, ColmnbU UniTenitT'. 

The records of this society, tlie transactions of en^eering 
institates, articles in the public press and the reports of many 
conferences give evidence of an ever increasing interest in 
the subject of engineering education in preparation for service 
in the manufactaring industries. The remarkable results be- 
ing accomplished hj American manufacturers in the produc- 
tion of commodities at lower coats than were obtained in 
earlier years have awakened the people to the possibilities of 
accomplishment in all lines of homan endeavor through a 
more accurate knowledge of the factors of coat incident to 
these activities. Efficiency societies, committees of the 
national and local engineering organizations and special pub- 
lications devoted to the Science of Organization, Management 
and Production are springing into being, for the purpose of 
spreading far and wide a knowledge of those principles of 
production which have been so efiFective in the industries where 
they have been sanely tried. While many commercial institu- 
tions have been put on a more snbstantial foundation to the 
benefit of both producer and consumer, and industries over- 
burdened with financial obligations, occasioned by errors in 
operation and management, have been given a new start, yet 
some manufacturers and managers of the old school have held 
themselves aloof from partaking in this new movement be- 
cause of years of prosperity under the older conditions of 
manufacture. It is not surprising, therefore, to find the 
same attitude in some of our universities and colleges where 
the policies are dictated by professors schooled and experi- 
enced in means and methods of instruction which no longer 
parallel the modem requirements of engineering service, and 
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whoae knowledge of present engmeering practice is mainlr 
derived from text-books. 

Our BQCcesafol indostries to^lay are those which have 
adapted tbemBelveB to the changing eoonomio conditions of 
the times and are not jiu^og their present condition by the 
results of past perfoimance. So also will it be found that 
our engineering schools will progress to the extent to which 
they keep the sabject matter of their courses and methods 
of instruction abreast with the practice of the profession for 
which they propose to give preparation and also not to judge 
their excellence by the records of graduates who have become 
successfol in practical life. Serious attempts are beii^ made 
not only within the nniverraties but without, to have the 
courses of instruction in engineering more closely identified 
with modem conditions of service but the chai^ies proposed 
lead one to believe that emphasis is not being placed on the 
most important factors. As it has been found true in the 
case of the factory that modem improvemrats are wrought 
not by additions in organization, equipment and accounting 
but rather by a complete change of policy and ideals even 
extending to the organic design of buildings and equipment 
and the occupation of new ground, so also will it be found in 
the ei^ineering schools that the preparation of young men 
for engineering service is not much improved by mere addi- 
tion to the curriculum but there must be complete changes 
in ideals, methods and means of instraction. According^, 
therefore, those schools in which the purely technological 
aspect of engineering problems has for years predominated 
the courses of instruction, will never effect a successful change 
when they attempt to retain the old presentation of 
sabject matter and simply add courses in "scientific man- 
agement" to satisfy the popular demand. No separate course 
of instraction pretending to deal with the science of organiza- 
tion, management and production, divorced from vital contact 
with problems of des^ and performance in which these prin- 
ciples are embodied, will ever be effective when standing alone. 
Whatever instruction is offered in these lines must always be 
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paralleled by applicatioiiB and illTutrationB in all eonrses of 
the cnrriciilmn, UniTersities attempting to teach the "soieiice 
of management" to non-technioBl Btndenta; bookkeepers and 
accountants ei^;aging in the bosmesa of adTiaing manafactnr- 
era in the matter of lowering the coat of productive procesaea 
of which they know nothii^, only serre to mii^^de many an 
earnest yonth who seeks to prepare himself for real and Baty 
stantial service. 

No one would dare soggest the reriaion of legal procedure 
or scientific management of the courts by one not well versed 
in the law, nor can it be imagined that the great problems of 
public health should be attacked by one not thoroughly drilled 
in the science of medicine, yet our great industrial institu- 
tions are continually embarrassed and even persecuted by men 
wholly incapable of comprehending their problems. The 
time is not so long ago when the architectural features of a 
bridge or a factory building together with the maximum limit 
of appropriation of funds allowed had more influence in the 
des^ of such structures than the relation of their income 
producing capacities to their cost. The technical excellence of 
the design and perfection and accuracy of workmanahip were 
matters of considerable pride to producers and were not to be 
degraded through considerations of a mere utilitarian nature. 
In some quarters this point of view atiU lingers and is fostered 
by municipalities and governments requiring of titaeir ei^- 
neers of public works to judge their expenditures by the 
linut of appropriation available. But the manufacturing in- 
dustries compel the engineer to render an entirely different 
kind of service. Some professors having knowledge of the 
older form of service, a magnified regard for excellence in 
technic and a tendoiey toward the academic, find great diffi- 
culty in adapting themselves to the pressing demands of 
modem times. 

No attempt is being made to belittle the worth of a high 
degree of scientific ability ; we cannot have too much of it in 
our schools. But it is believed Uiat it alone may be far re- 
moved from an ability to solve commercial problems. The 
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most highly skilled artisan may be a very poor man to decide 
tiie policies to be followed in mannfactoring s line of goods 
for a given market. So also the most soientiflc professor, 
nndergtanding all the laws of thermo-dTnamics, may be wholly 
incapable of selecting the most economic commercial equip- 
ment of power machinery for a station to meet a given 
serviee oondition ; or being able to solve the most complicated 
problems in stress analysis, may not be able to determine the 
^pe of bridge which will burden the transportation system 
with minimnm capital charges or perform its service with 
minimom weight. This feeling on the part of the professor 
that he possesses a snperior sort of knowledge, far above that 
possessed by the bmdness man is conducive to a wholly in- 
adequate treatment of the snbject he professes to teach and Is 
evidence that he do^ not appreciate the nature of the service 
for which his students should be prei>ared. Any course of in- 
stmctioii, no matter how excellent in its treatment of scientifio 
facts and methods of analysis, highly desirable as these may 
be, is incomplete when it fails to impart to the student a 
knowledge of the conditdons under which this information may 
become commercially serviceable. Oar engineering schools 
are supposed by employers to have for their aim the prepara- 
tion of youi^ men for service in our great industrial institu- 
tions engaged in the manufacture of commodities such as 
shoes, hats, typewriters, jewelry, glassware, brick, cement, 
soaps, doth, paper, paints, antomobiles, locomotives, steel and 
iron products in endless variety, form and complexity, and 
the creation of services such as %ht, heat, power refrigera- 
tion, communication, transportation and information. Ac- 
cording to the 1910 census the manof actnring industries alone 
in the United States represent an investment of capital of 
about 13 billions of dollars and produce an annual output of 
nearly 20 billions of dollars value, employing 6 million people 
who directly support' through these earnings about 25 millions 
or nearly one fourth of our population. These manufacturing 
industries, having such important economic relations to our 
welfare, are brought into being and sustained through the 
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labors of the engineer and the capitalist supported by the 
people inveBting in industrial securities. That the engineer 
and the capitalist may successfully cooperate, each moat 
onderstand the laws which condition the existence and pros- 
perity of the mannfacturing indnatries. As the banker is 
guided in his investment in industrial securities through his 
knowledge of their probable earning capacities so the manu- 
facturer or engineer wisely investe in machinery and plant, 
materials and the labors of men according to his ability to 
forecast their probable earning value. That the bond is a 
mortgage on an electric railway, a gas plant or a monicipali^ 
is merely incidental to the banker, so also that the commodity 
is steel rails, alarm clocks, collars, or steam machinery is in- 
cidental to the manufacturer and engineer. 

Because of the knowlei^ of scientific facts necessary for 
the engineer to enable him to deal with these commercial 
problems it was once believed that instruction in these alone 
was a sufficient preparation for the practice of the professioD. 
Henee this sort of teaching characterized our engineering 
schools in the early days and still exists in some inatitutiona 
at the present time. But the more alert minds in our engi- 
neering schools, in touch with practical affairs, are aware that 
this is not sufficient. Thermodynamics most positively indi- 
cates the superiority of the gas engine over the steam engine ; 
yet the progress of the gas engine has depended little if at 
all on this long-known principle but rather on entirely outside 
practical considerations such as difference in first cost, size, 
space occupied, repair and maintenance charges, the nature 
and quantity of labor required for their operation, and 
the availability of fuel supply in gaseous form. All these 
conditions and many more enter into the question of true 
economy and are entirely outside of the consideration of 
thermodynamic economy. Therefore, any theory of power- 
generating machinery which fails to include the various 
factors of cost, including labor as well as capital charges, 
and their variation with local conditions, is not a complete 
theory and therefore not a theory to teach engineering stn- 
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dents. These mathMnstical Ibvs are very valuable in ex- 
plaining results attained and prerenting attempts at the im- 
possible but not nearl;' so useful in that prediction of results, 
whieh is the prerequisite for detdgn of whatever sort, as many 
of their professional advocates have for years taught their 
students to believe. For many years past the average course 
of study absolutely ignored all those subjects or methods of 
treating subjects that were not capable of a^braic formula- 
tion. The labor and coat questions, although th^ are at least 
of equal importance, have been ignored, while Uie mathemat- 
ical or purely technological has often been carried to absurd 
extremes. Those parts of en^eering subjects which admit 
of treatment by the theory of numbers are alw^s beyond 
doubt absolutely essentiaL It is not the purpose here to 
belittle them but rather to place them in their proper position 
as partially and not by any means wholly preparatory sub- 
jects. It is indeed important to teach students to lay out 
machines, to determine the forces in the mechanism, and to 
proportion the parts for stiffness and strength but it is equally 
important that they be taught that a variety of machines might 
be designed to perform precisely the same service, and that 
there will result perhaps varying degrees of goodness but 
certainly great variations in cost not only to build them but 
to operate them. TTnless a machine can be bnilt at a cost 
sofficientiy low to meet tiie demand it will never get beyond 
the experimental stage and there is absolutely no use in de- 
signing a machine if its cost of production or operation exceeds 
what can be properly paid. It is certainly important to teach 
the students how a bar can be turned round or a plate made 
Qat or how every operation necessary to malting a machine 
may be carried out by a mechanic ; but it is equally important 
that he should know their relative costs so that he may avoid 
the expensive operations or reduce their use to a minimum. 
He should also be taught that the maximum economy in pro- 
ducing that machine will result when it is made in quantity, 
and why, and that quantity production will involve changes in 
design, changes in shop processes because it permits the use 
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of Bpeeiel instead of standard tools and finally and moat im- 
portant, tliat quantity production involves mai^ men and that 
many men require management tliat each may produce the 
maximiun for his wages, and that such an organization for 
ecODomic prodaction is snbject to laws and principles of far 
greater consequence than all the thermodjrnamics that was 
ever formulated ; and yet laws of essentially the same nature 
as those that control the design of his machine. 

The teaching of each subject in the engineering school from 
this point of view seems to furnish the only means through 
which an understanding of the foundational factors in the 
economics of production can be acquired. Any ideal short of 
this will only serve to further the feeling, aU too prev^ent 
even in practice, that the science of production may be con- 
sidered apart from the very forces which it proposes to control. 
It is believed therefore that a knowledge of tiie principles 
of economic production is a necessary part of every engineer's 
equipment, be he designer of machines, structures, water- 
ways or public works, employee or employer, in order that he 
may be able to successfully cooperate with or coordinate the 
labors of many men, working in many fields bnt all endeavor- 
ing to create a given commodity or render a service to satisfy 
a real demand. 

This ideal has been the end toward which every course of 
instruction in the department of mechanical engineering at 
Columbia University has for years past been directed. This 
course of instruction which was developed under the leader- 
ship of Dr. Charles E. Lucke, head of the department, in- 
cludes courses in principles of organization, management, cost 
accountit^, wage payment methods, economics and business 
laws as a necessary part but by no means the whole of an 
adequate treatment of the principles of economic production. 
The aim of the course is not to train managers but engineers. 
Should our studies through personal qualifications prove 
to be adapted to the problems of management, well and 
good. Limitation of time will not permit a survey of the out- 
lines of all courses of instruction given in this Institution, but 
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it ifl hoped that the conaideratioii of a few will lead to a 
dearer expositioii of what is believed to be a proper presenta- 
tion of sabject matter. To this end there have been ohoeen 
the courses in steam power, elevators and conveyors, shop 
processes, organization and management, and the factoT7 and 
power plant woi^ required of the students in the second and 
third Bninmers respectivel]'. 

Steam Fewer. Three hours and two afternoons. 

B«latloii Between the Cost of Power and Thennal Effieieiu^ of th» 
Plant. Commercial Valae of BAflnementa — DetermiD&Uon of engine and 
Iwiler ratinga and eorresponding effieieneiea and probabia coal and water 
eonaninption for plant on given load cure. Easential relation between 
proceaaea and dimensiona of the steam plant. Steam plant reflnementB 
for raising ef&eieney of part or complete plant and relationB between 
dimenaionB and effect. Use of unit eoata of apparatus in wtl m atlag, 
examination of eoat aheeta to determine prime nnit of coat. Cost of 
power. Fixed and operating ehargea, ratio of eaeh individoal item to 
total, and efleet of labor and fnel ratea, load factor and refinements on 
the fractional part. Talne of refinements of design on baaia of capital- 
ized annual aaving hj comparing the cost of watte and the cost of ita 
elimination, including all charges. Bpeeificationa and eontraeta; standard 
and special methods and forma for defining pnrehaaer's reqairementa and 
builder's proposals, contracts, methoda of power plant erection. Deaign- 
ing and erecting office organisation and field BjBieiDM. 

The work consiats in laying out a simple power plant for assigned 
nnita in the drafting room or the detailing of existing general plant 
drawinga, preparation of the bill of materials, estimating the firat coat, 
fixed ehargea, probable coal, water, labor and supply cost for an assnmed 
load onrre and total power cost The plants so designed or detailed are 
exshanged bj students and redesigned for an increase of 100 per eent. 
peak and 60 per cent, mean dailj load and for the maximum power eost 
redaction by the ose of plant refinements and anxiliariea when it can 
be shown that addltiona and alterationa will pay. BpedfieationB are 
written for the alteration and propoaals submitted. 

Fourth year Ifechanical Engineering. 

Shop and Factory Work. 

Aaetieal WoA and Directed Study in the Shopa and Drafting Booms 
of BepreaeutatiTe Ifaunfaetnring Eatablisiunents with Beport — Each 
stndent is prorided with a printed copy of the things to be studied and 
reported on in detail, of which the following is a general summary. 
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WMhIne Shop. Fnnetional operatioii, ebAruteriatiea and powering of 
muhine tooli, eaptdties, It^oot of aliop, ida of ihaftiDg, belting and 
moton for indepeodent uid group driTe. Bonge of cutting Bpoedi^ feeda, 
dspth of cnL Bhape and iIh of tooli nsed. Beport on Bpeeifie obterra- 
tiona on time of setting work, tine of fonning and flniching, nmnber 
of pieeea tnmed out per hour. Fadlitiea for handling woik at tlM ma- 
chine. Fadlities foi piodneing pieew in qnantitj. Hand proeeuet for 
flnishing and tools need. 

Pattern Sbop. Materials of which patterns are nude and methodi of 
treating. MacUne tools used in the pattern slu^, arrangement, capacities, 
adaptabilitj, handling and storing of material and ilnicdied product. 

Foandiy and Forge, Description of hand and machine tools and appB' 
Knees used in the fonndrji' and forge. Compodting and treatment of 
f onndrj sanda. Methods of molding. Time inTohed. Methods of power- 
ing, Tenting and chilling, cooling and flniihing, handlii^ the copola. 
Composition of the ehargea and ndztoies, temperatnres, pressures, time 
required to charge, to melt, to pom, cool and clean. Appliances in the 
forge shop. Operation of power hammeie, bnll-dozers, eheara, heating 
and annealing fnmaces and hand processes of forging. Time involved in 
production. 

Drafting Boom. Standards and conventions used. Filing and marking 
of drawings and recording of patterns. Bills of material — parte to be 
made — standard parts in stook. 

General Management and Organization. Methods of recording time of 
workmen and their time distribution over different jobs. Paying of 
men, methods, rates, forms and records nsed. Drawing of materials used 
from storeroom and charging to orders. 

Prerequisite course is second year shop work. 

Elevators and Conveyors. One hour. 

Mechanical Handling of Solid Materials bj' Standard Slevating and 
ConveTing Machinery, Characteristics, Speed, Tonnage and Lp. per Ton, 
Computations and Adaptability to Bpe<^ Service— Hand handling of 
materials, limits, cost and conditions warranting use of machinery. Con- 
tinuous couveyore, screw, bucket, scrapers, pusher, belt and pneumatic 
types. Intermittent conveyors; telephers, rope and cable ways, cable 
ears. Ijoaders, nnloaders, storage fadlities. ^ips, grab buckets, tips 
and tipples. Short and long hoists, friction drum and direct connected 
hoigt«. Fneumatie and hydraulic elevators for freight. Fixed and travel- 
ling cranes. Passenger elevators, rope and plunger tjpea Safety de- 
vices. Automatic weighers of materials; coal and ore storage systems. 
Excavating machine and dredges. Coal and ore-handling machinery. 
BaUroad terminal and steamship loaders and unlnaders. Coke oven 
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ebargen mnd diidiai^te'*- Qraia huidliiig. Bp«eisl sdaptatioa to nft- 
teriiJ null u Mnd, pliater, ^ui, eement, broken rock, eoal, coke, puk- 
agw, bunli, eoTToalve, flroatn, tOxkj, puking, uid hot mst«TiftIi. 
Third ytAZ MeehinJMl Engineering. 

Shop Processes, Tools and Time Study. Two hours. 

Tlie Eeonomie Element* in Shop ProeeMea, Time uid Power per Unit 
of Borfaee Finished or Cnt uid per Unit of Uetal Bamored with the 
ConditionB lot Ifott Eeonomie Produetioii — Proeenea In the eliop, fone- 
tional operation of mneldne tools snd limits of eeonomiB prodaetlon, 
time of setting, handling, forming and flnidilng of puts for job and 
repetition work in qnantitT. LiinitB of time, power and cost for finish- 
ing snrfsoea per sq. in. and lamoring per en. in. and per lb. bj hand and 
msehine operations. ICaehine for performing speelfle operations, their 
fnnetional operation, eapaeltiee, adaptafallitj and rate of prodaetion. 
Conditions warranting jigs and fixtures for the prodnetlon of parti in 
quantity and for interohaDgeabilitr. Eeonom; of portable tools, devices 
snd methods of inspectloTi. The selection of eeonomie enttlng eonditlons 
and analjsls of recent experiments. Adaptation of eeonomie cutting 
speeds to machine toal& Labor-saving deriees In tlie pattern shop, tools 
and appliances nsed, capacity and adaptabiHtj; bnllt-up patterns, single- 
piece patterns, metal patterns, comparatlTe eost and life of each; patterns 
for repetition work, rights and lefts, a line of sixes, interchangeable pat- 
terns, jobbing patterns, relative economy of alternating praetiee. Eeo- 
nomie prodoction in the foundry, relative valne of varions methods of 
molding large and snail parts, core making, venting, pouring and hand- 
ling the work, managing the enpola. Limits of labor, power and fuel 
per ton of castings as alfeeted by rize and form and fraction ohargeable 
to iiattem, molding and cupola and finishing. Processes of forging, 
hand and machine, condition* warranting power kammers, hydraulic 
preeses, boll-dOEers, preseei, dies and forming devices for the production 
of duplicate and standard pieces. Labor and power per lb. of forging 
as affected by tools, siie and form of work. Heating and annealing 
furnaces, eonsnmption of gas and oil, labor, power and fnel per nnit 
annealed. Distribntion of cost of machine prodnetion between different 
proeessee, power, labor, material and effect of shop or tool capacity 
factor on fixed charges. 

Organisation and Management. Three hoars. 

ICannfactniing Organisations and Uethods of Cost Aeeonnting — Effect 
of metbodi of manofaetare and capacity on systems of management of 
mills and faetorie*. Analyms of the elements of factory aeeonnting and 
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detenniuKUon of the fictoit entering Into tlw eoat of prodoetloB. 
Hethoda for keeping record of tlia oost of Inlxir mnd mmteriiJe in the 
prodnetion of ipodile artielee. Tlie deteimlnAtioii of ert>1)ti»htnent 
sluLTges. InteTpTetation of eotti ftnd nee of eou^uktive v&Ioes. Deter- 
mination of coita and use of eompai&tiTe v^tue. Detenninntlon of tlie 
depreciation of bnildlngi, Tnaehlneiy, p&ttenw, diawinga and other aaeta. 
Organization and fnnctlona of tha department! of the biuinen. Pnr- 
ebaM of raw material and lala of prodnet. Utlliiation of urap and 
waate. Uethoda of labor eomponBtion. Ciltleal analjali of the method! 
of aeeonuting In lepresentative faotoriea, Faeton afTecting the eoet of 



fourth year MeehanJeal and Chemieal Engineering. 

Steam Power Plant, Summer Work. 

Beport bawd on not le« than alz weeka' praetieal woik In an Operat- 
ing Power Plant, ineladicK the Oatpot, Load Conditioni, lAbor and Ma- 
terial for Operation and ACaintenanee, Operating Coat per Unit and the 
Eaaential DimentioDal Belationa between the Tarione Units and Anxil- 
iariea Prodveing thie Benilt— Thia work la done mtirelr by tba atadent 
in the field, hia onlj aaaiatance being the blank report form whieh 1b put 
into hia handi after a brief lectnre before leaving the Uiurenit;^ 'or the 
TBcation. 

Third year Heehanieal Engineering, 

Reference to the catalt^pie of the Bchool vill serve to shov 
hoir all the conrses hare bees prepared -with a view to that 
interrelation of subject matter so necessary to the broad and 
comprehoisive treatment of engineering problems. While 
rigoroiis treatment of the laws of mathematics, mechanics, 
pbTsics and chemistry obtains in the snbject matter of all 
couraes yet the commercial relations and limitations in which 
these laws operate are ss prominently set forth for the pur- 
pose of developing that judgment so necessary to their proper 
use. The foundational principles of enipneering practice as 
in the practice of law are comparatively few while their 
applications and interrelations are by no means simple nor 
permit of ready interpretation. Accordingly therefore, that 
the practice of ei^jneering may be presented from the broader 
point of view and that the economic and technological aspects 
may have their fnllest meanii^, there is incorporated a series 
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of courses, the treatment of which is according to tiie system of 
"Case Law." The limitatiooa of boman aocomplishmoit and 
the necessity for authoritative presentation of subject matter 
required in the search for underlying fundamental principlea 
have lead to the handling of suoh courses by men who are 
daily practicing in each of these fields of engineering service. 
The work of these special lecturers is not accompanied by ai^ 
departure from the regular methods of instruction pursued in 
other courses and is not to be confused with the general system 
of special lectures in isolated and non-related subjects obtain- 
ing in almost all of our universities and colleges. The prin- 
ciples of economic relations intertwining these and other 
courses of a technological nature together with problems of 
purely commercial aspect are agaia brought together for ez- 
position and formulation in courses dealing with the use of 
materials, machinery and men in administering to the needs 
of the commonwealth. Thos there has been built tiiat founda- 
tion upon which a proper consideration of tiie problems of 
production will rest and an adequate treatment has been given 
to that body of principles which in a narrow sense is popu- 
larly termed the "principles of scientific management." 
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TEACHING SCIENTIFIC MANAGEMENT IN THE 
TECHNICAL SCHOOLS. 

BT H. P. J, POETEB, 
SecretWT of The EfBciencj Society, New York, N. Y. 

In order to treat in a logical manner the Hobjeot which has 
been assigned to me I shall first define what I understand 
floientific management to be and then state how I think it 
should be taught 

As I understand management, it is the second of the two 
attributes of goTemment, the first being its form or organiza- 
tion, and the second its function or action. In order to have 
good government, there must first be the right kind of organi- 
zation. "When such organization operates we have manage- 
ment. We must know, therefore, something about the prin- 
ciples of government before we can obtain proper organization, 
and after the latter is secured, then management is possible, 
and how scientific it is, will depend largely on the perfection 
of the organization. We hear nowadays a great deal about 
management, systematic, scientific or other, but very little 
about oi^auization of any kind, and yet, as I have stated, the 
latter is the more important of the two attributes of govern- 
ment, because without it the former can not be obtained. 

Now what is the basis of govemment whieh involves these 
subjects to which I shall direct your attention! Government 
involves the control or direction of people, and we find when 
we study its history that there are several kinds of govern- 
ment varying in their fundamental principles, some which 
include the element of human nature in their prf^am, while 
others fail to do so ; the first, of necessity, bringing about suc- 
cessful r^ults ; the others constantly resulting in failure. 

In the first place, we know that man is, by nature, a social 

animal, and as such, seeks the company of those of his fellows 

U 
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haTinff a common interest. That common interest may be for 
nmtoal benefit or for protection from a common enemy. Thu 
natoral instinct causes men to come together in groups. Nov 
as a natural sequence of this formation of a group for one or 
the other of the above porposeB there is evolved a personality 
vho is generally recognized as best fitted for directing the 
movement in hand. This is the method of establishing gov- 
ernment by leadership through a perfectly natural process. 
This is the earliest and most primitive form of patriarchal or 
tribal government, and exists to-day whenever small groups 
of people have ample matters to be attended to, and even in 
more complex affairs where & committee tabes up a project ' 
It is not, however, a stable form of government owing to the 
changing interests of the members of the group or their loss 
of confidence in their leader. 

Experience proves also that when a leader finds that he is 
for some reason losing his power, he makes an effort to retain 
it and that then usually serious consequences ensue. If, for 
instance, a rival aspirant to his leadership threatens his over- 
throw, he resists the efforts to replace him. This resistance 
leads to his drawing closer to him bis adherents and apportion- 
ing among them privil^es in return for which they agree to 
control certain smaller groups which he can no longer control. 
Or it may be that the original group has grown so large that 
the leader can no longer keep in personal contact with aU of 
its members, and is thus forced to divide among those who, 
he feels, are competent to assume the responsibility, the con- 
trol of such groups BS become formed by one cause or another. 
Here, it should be noted, that a radical change has taken place 
in the form of government, and in this change may be seen 
a fundamental difference in the principles dominating the 
two forms, one Mnd being that of the gronp voluntarily select- 
ing a leader and, on account of his being their choice, assum- 
ing responsibility for him and therefore according him their 
earnest support; the other, that of the group having imposed 
upon them the choice of another person and being compelled 
to do what he, who represents interests entirely different from 
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theirs, may dictate. This cbange from volition to compuMon 
characterized the development in government which took place 
when a tribe became a nation, and the patriarch a monarch. 
It is monarch7 or oligarchy depending upon whether the nlti- 
mate anthority is vested in one individual or several. It is 
the change which takes place in the control of every group 
when it growa so large that one cannot keep in close toudi 
with all its members. One induces loyal support, the other 
disaffection; one is, therefore, the alMolute antithesis of the 
other. The psychology of the situation gradually developed 
a return to first principles by a chai^ to democracy where 
the people themselves aay who shall govern them and what 
shall happen to them. 

In the small industrial groups which . formed themselves 
during the second quarter of the last century throughout the 
eastern states of our country, the master craftsman and his 
men worked together in close association and in friendly 
accord. This was the patriarchal stage of industrial govern- 
ment. When, however, in the middle of the century, the 
steam ei^ne and the steel rail made industry no longer de- 
pendent upon the stream for water power and transportation, 
factories started up by the thousand at the site of the raw 
material, and the industrial groups grew to large proportions. 
So great was the demand for workmen to compose these 
groups that the supply in this country was soon exhausted, 
and the labor market of Europe was tapped. Then came about 
the change in the control of the factory group which I have 
indicated had ocenrred in the political group. The master 
craftsman became the general manager and del^ated his 
authority to a superintendent and foreman, who, instead of 
being leaders of the groups over which they were placed, 
became their drivers. This was the monarchic stage in in- 
dustrial government. The foreign element, of which these 
groups became largely composed, were accustomed to sub- 
servience and readily complied with the form of industrial 
government which they found established. 

Government has always been an art, and probably always 
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will be as long as ham&n nature is involved in the relationship 
between the governor and the governed. Nevertheless, ont of 
the ezperiencee of the past there are now gradually being 
established, certain principles which are considered funda- 
mental is the application of this art. In the days of which we 
are speaking, however, when men were needed to control and 
direct these factory groups, no such principles had even been 
considered. The situation presented thoosands of industrial 
groups composed of hundreds of thousands of subservient 
individuals to be controlled, without anyone informed of the 
essential principles of either organization or management, to 
control them. This situation was met by placing over these 
groups, men who seemed to possess inherent powers of control. 
In some instances the self devised methods of these men were 
successful, but in the great majority they failed. In the latter 
cases compulsion was resorted to in an effort to make the 
methods which were applied succeed. "When we realize that 
the individual in the factory is absolutely subservient to this 
control during the greater number of his waking hours it 
is evident how serious may be its effect upon him. 

So we see that the history of the development of x>olitical 
government has been paralleled by that of industrial govern- 
ment, that human nature is the element entering into both 
and that the problems involved in both cases are group prob- 
lems which vary according to the size of the gronp. In polit- 
ical government, the people, realizing the fundamental fallacy 
in the change from leadership to ruler, have in pifft rectified 
it in practically every country in the world, Bussia being now 
the sole exception, by the substitution of democracy where the 
consent of the governed must be secured regarding the meth- 
ods of control which are applied to them. But this change 
has not come about without the stubborn resistance of the 
ruler to the abdication of his powers. Nor has the complete 
change as yet taken place according to its advocates, who 
ijlaim that the faults democracy now possesses can be eliminated 
only by the application of more democracy, and that this will 
come about by publicity of the facts, thus establishing en- 
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lightened public opinion, which, in the long ran, is the im- 
pelling force which controla the new syBtem. On this point 
Hon. Jamea Bryoe says in "The American Commonwealth": 

"Towering orer preoldentB and BUte goremon, orer Congreai ud 
atate legiBlatnrea, over eonrentiona and the vast inaclmieTy of part7, 
pablie opinion stands ont in tbe United Statw aa the great MnrM of 
power, the maater of BSirants who tremble before it. . . . It growB vjf 
not in Congrem, not in state legislatnrea, not in those great convections 
which frame platforms and choose candidates, bnt at large among the 
people. It is expressed in Toiees everywliere. It rtdes aa a pervading 
and impalpable power like the ether which passes through all thingt. 
It binds all the parts of the eomplieated system togetlur and glvei them 
whatever uni^ of aim and action tiuj poaess." 

And now since the principles entering political government 
have been shown to be the same as those involved in industrial 
government, experience is leading the students of government 
to recommend that in industrial government similar develop- 
ments should take place, that compulsory methods should give 
way to more democratic methods. This thought is expressed 
in the report of the "Special Committee" appointed by the 
House of Representatives in Washington "to investigate the 
Taylor and other systems of shop maoagemeot" where the 
statement is made that "government in a mill should be like 
government in a state 'with the consent of the governed.' " 

This nation has changed during the past one hundred years 
from an agricultural and trading nation to an industrial one. 
Our legislatures, state and national, are devoting themselves 
to q^uestions almost entirely affecting our industries. Our 
public school system, our free press, and our public forms 
have given the foreign element, which flocked to our shores to 
meet the industrial demand, an insight into the benefits of self 
government. These foreigners, for so many years subservient 
to compulsory control, have become informed as to the prin- 
ciples of political democracy and they have now come to realize 
that although they are in a free country, yet during the 
greater number of their waking hours they are under personal 
control regardii^ which they have nothing to say. They have 
become restless, and are expressing their dissatisfaction. 
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At this very time we see taking place in parallel, two very 
portentous moTements. One is political in which the r&nk 
and file of the people of the two dominating parties are led by 
progresaiTe politicians, who, having a great following, demand 
that the people shall in no sense be governed, but t^t t^e 
representatives of the people ahaU cany ont the will of the 
people. They believe that the mass of men are better able to 
govern themselves than are the few to govern them. That 
the perils from the ^orance of the governed are leas than 
the perils from the selfishness of the governors. The other 
movement inspired by the same thought is industrial, led by 
pn^ressive men in the field of indnstiy demanding that tiie 
workers shall be represented in the coondlB of the employers. 
Resistance is being encountered by both these movements 
raised by the interests which have so long been entrenched 
behind special privilege. Great changes do not take place 
suddenly. It is well that they should be evolutionary rather 
than revolutionary. We must now, as students of history 
and of events and affairs, take cognizance of these movements, 
analyze them and determine the direction in which they are 
tending and from onr deductions devise methods of directing 
them. 

When we have determined the form of democratic govern- 
ment which we are to have in our nation and in onr state and 
municipal groups, the logic of the situation should lead us to 
extend it to our industrial groups. We can no longer harbor 
industrial monarchies and oligarchies in onr political demoe- 
racy. The inconsistence is too apparent to be longer retained. 
People who have learned to think become discontented with 
inconsistencies. The p^chology of the situation is becoming 
understood. In dealing with human nature in government 
the latter must be taken into consideration. Dr. Joseph H. 
Odell, in a recent address, said on the subject of discontent, 
"Well, supposing we let it alone, what will happen t One of 
two things. In the first place it may settle down into a 
permanent and paralyzing pessimism and consign men to a 
life of spiritless drudgery. They will become an animate, but 
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soolleas p&rt of the vast mechamsm of indostrial aociet?. 
Zafe, upon those terms, is little better than death. On the 
other hand, this discontent may become saddenly exploslTe 
and result in anarchy. Long brooding over the ills that are 
not understood, changes a man into an Ishmael and turns his 
hand against every man's hand. Discontent is s negative 
quality and when a negative quality becomes active, it grows 
destructive. We must know how to transmute a negative 
element into a positive. We must change discontent into 
desire. We have done this to a laige degree in political aflain 
and we should use the same means in onr industrial affairs." 

The form of our government is its attribute which we call 
orgatmation. Without a well-defined organization we can 
have no well-defined system of management, A well-defined 
organization can be shown on a chart and any organization 
which cannot be thus visualized is defective and the manage- 
ment resulting from a defective organization is bound to be 
defective. 

A government is like a coaching outfit The coach must 
be built right for its purpose with all its four wheels of the 
same size and its axles straight and parallel. The horses 
must be well matched and stroi^ enough to pull the coach. 
One must not be a dray horse and another a trotter. The 
harness must be properly fitted to the horses so that the 
collars will not chafe and irritate them and the traces must 
be of the same length, so as to poll evenly and not permit 
one horse to get his leg over the other horse's trace and inters 
fere with him. If all of these requirements are not met there 
will be danger of the outfit not running straight. Merely 
speaking to the horses kindly or patting them on the neck or 
giving tbem sugar or plying the whip is not going to reach 
the cause of the trouble. But when this oi^anization is 
property arranged so that everything is in its right place 
without overlapping or interference, then a skilled coachman 
may get up onto the box and take the reins and guide the 
coach over such roads as he may meet. There is some assur- 
ance that it will stay in the middle of the road without any 
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inherent tend^icy to go over into the ditch &t either side. 
The man on the box is the manager and npon bis general 
knowledge of oonditiona and his sikill in handling his oi^aniza- 
tion wiU depend the etBeiency of its team work. This man Is 
an entirely different one, however, from the one who designed 
the coach or the harness, although he should have very much 
to say about the selection of the horses. 

It is not my province here to chart the varions schemes of 
organization which are adapted to different shop conditions. 
It will be BofBcient for present purposes to say that, generally 
speaking, any oi^:anization has four basic departments which 
may be comparable to the four horses of the eoaoh. They are 
the financial, the sales, the production and the reeord depart* 
ments. Each of these should be as independent in its action 
as any one of the horses, but all should be so related by their 
harness as to constitute a team. 

The dut? of the first of these departments is to collect and 
disburse money; to collect the money for the product which 
the second, or sales department, has disposed of and to dis- 
burse money to all the other departments for tlie work which 
they have done. The duty of the second is to obtain orders 
tor work for the third or production department to perform. 

This latter department converts the orders received, into 
finished goods. It is dependent upon the second and the 
first departments for its existence just as the second and 
first are dependent upon it, and all three must be so equally 
balanced as to be normally independent or there will be a 
maladjustment which will cause trouble. 

The fourth or record department is intended to keep account 
of all that transpires in the other departments so as to main- 
tain this balance. It receives all the raw material ; holds it 
until it ia needed by the production department, keeps track 
of what the latter does with it, takes it back as finished 
product, hands it over to the sales department and tells the 
financial department how much it has already cost, how much 
more it will cost before it is sold and how much should be 
added for profit in order that all the departments may be kept 
in good condition continuously. 
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Now a chart of organization of tbe kind outlined Bhoald be 
drafted before any industrial enterprise gets farther than the 
stage of being contemplated in order that it may be properly 
capitalized and promoted. It is essential that socb a chart 
sbould exist in every enterprise and be in constant view for 
reference but I think I am safe in saying that 99 per cent, of 
the enterprises now in existence have none, and 50 per cent, of 
the managers have never heard of such a thing. The man who 
can do this work to-d^ is rare. He is not taught in any school 
of which I know. He is the man to develop the organization 
before which no management, which can have the slightest 
claim to beii^ scientific, can come into effect. I believe he 
should have a university education first and a special post- 
graduate course in bnsinefls oi^anization sabsequently. Bat 
suppose we have secnred such a proper or scientific oi^aniza- 
tion and we need a man to operate it or perform the work of 
managing it, what kind of an education should he have f In 
the first place he sbonld be capable of knowing all abont the 
operation of the o^anization, i. e., the physical part of the 
chart so that the finances, the advertising, the celling, the 
methods of production (including the purchasLng), the record 
keeping (including the stock keeping and the cost accounting) 
are working as they were intended to work. 

There are schools which have been teaching these subjects 
independently for some time. There are schools of finance, 
schools of aaleamanship, schools of mechanical engineerii^ and 
schools of accountancy. These schools make specialists, but 
there is no school that I know of that teaches all of these 
branches and their interrelations so that there Is not, there- 
fore, any school that teaches the elements of management. 
There are colleges and universities in which lectares in some 
of these branches are given by practical men who have special- 
ized in them, but from all that I can gather from the graduates 
of these courses and from the deans of the schools themselves, 
these courses are as yet only in the primitive or formative 
stage. So we see that teaching the sabject of government, of 
which organisation and management are only parts, has not as 
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yet been begun. There are not yet, to my knowledge, ade- 
quate institationfl for preparing men to be managers. Nor 
are there ways of preparing men to go out into the field to 
diagnose the troubles which afBiot Arising indnstrial enter- 
prises. This wUl account for the fact that bo many essays on 
the part of "efficiency" or "industrial" engineers fail. They 
may be competent to improve metiwds existing in the pro- 
duction department but by doing so they simply orer-develop 
one of the four wheels of the coach which cannot run satis- 
factorily with one wheel larger than tie rest. The financial, 
the selling sjiA the record departments must be developed 
equally to obtain suceeasfnl results, and the education of the 
day does not equip a man for all these fields. On the con- 
trary, the tendency of the times is to develop specialists. 

There have been men who have realized this condition and 
have oi^anized groups of specialists in these various fields who 
have been able through the correlation of their efforts to ac- 
complish success where the single specialist who has tried to 
cover the whole fi^d has failed. This, to my mind, is the best 
method of reaching the situation in the present emergeni^. 
If I am r^ht in my conjecture, efforts should be made to 
clarify the situation and let it be understood that schools of 
government should be established and managers should go 
there to learn the principles of o^anization and management. 
When they have gained a knowledge of these principles, they 
should realize that th^ will need specialists as heads of their 
departments of finance and selling, of production and record 
and they then, and then only, will be able to secure efficient 
team work. We must realize that the great body of the people 
are employees and that the employer has a greater effect upon 
his employees physically, morally and mentally, owing to the 
continuity of his influence over them during the greater num- 
ber of their waking hours, than their physician, their minister 
or their teacher. Each of these must have a diploma or a li- 
cense, therefore the manager whose responsibilities are greater, 
should not be allowed to assume them until he is properly 
equipped to do so. We now know that every rained health, 



DiqitizeabyG00»^lc 



104 IXAOHING BCIBNTII'IO MANAGEMENT. 

every crippled body, every demoralized or warped character, 
every blunted mind is an industrial or social waste and a 
charge upon the community, and yet our industrial managers 
of the past and present have been allowed to famish this waste 
in increasing quantities every year. To meet these industrial 
responsibilities not only calls for a more scientifically-trained 
intelligence in the managerial chair of the single industrial 
enterprise than has heretofore been sapplied, but it requires a 
man capable of organizing all the industrial enterprises com- 
prising an industry so that,' as a whole, it wiU be a benefit 
rather than an injury to the State whieh. grants charters for 
its existence. To do this properly he must understand the 
industrial gronp problems in which his enterprise is a factor. 

It is generally understood that a manager of the modern 
tjrpe is meeting the requirements of scientific management if 
he operates his individual enterprise efficiently by reducing 
his wastes of time, effort and material to a minimum so 
that his product can be marketed at a fair profit. As means 
to these endb he establishes well-constructed factory buildings, 
he maintains sanitary conditions, he supplies an environment 
for his employees that is beneficent. He introduces s^tems 
of functional management and time and motion study to 
ensure fair treatment and equable wage determination. He 
institutes works committees composed of employees and installs 
a sug^stion system. 

All of these features are excelleut as far aa they go, but 
they go nowhere in meetii^ the larger serious group problems 
which exist and whieh no efforts have as yet been made to 
solve, and which cannot be solved in any one factory or in any 
group of factories such as compose a trust, but only in the 
harmonioaa cooperation of all the factories which compose an 
industry through the collective administration of the industry 
as a whole. A knowledge of how to accomplish work of this 
Mnd involves questions of government and embodies studies 
which have little to do with the scientific management of a 
shop. They are not especially germane to technical schools, 
but, beginning in the primary schools and continuing in the 
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Becondaiy and higli schools, shonld follow is the college, the 
tmiverBity and the postgradu&te school. 

In order that I may make myself clear, let me show by a 
specific case how intimately the affairs of a community and an 
industry are related and how helpless is the manager of a 
single enterprise in that indostry with regard to some of tiie 
troubles with which h« has to cope. The cloak and suit 
industry in New York City compriseB some two thousand 
shops of various sizes, employing all the way from 25 to 
300 hands, 80 per cent, of whom are men. The work ia what 
is termed light manufacturing, in which, outside of what is 
performed on sewing machines, the work is done by hand. 
The employees are mainly Italians and Russian Jews. These 
people came from Europe with their packs on their backs, and 
went directly into the congested East Side tenements of the 
ci^ to live and worked in the cloak factories under sweat shop 
conditions. Many, being of a thrifty nature, saved money 
until they possessed enough to open sweat shops of their own. 
Thus practically over night they stepped from the employee to 
the employer class. All they know about oi^anization and 
management they learned from their employer, who used 
sweat shop principles. They felt that the only way they could 
succeed in the mar^ was by more severe "sweating" than 
their competitors practiced. The result of this unrestricted 
competition was starvation wages, unlimited hours of work, 
unsanitary shops, unhygienic conditions of living and un- 
speakable misery. Such a state of affairs would have been 
bad enough if it had been continuous, but each year it was 
made immeasurably worse by two periods of enforced idle- 
ness. The warm weather trade developed a busy season 
through three and one half months in the sprii^, followed by 
two and one half months of idleness in the summer ; the cold 
weather trade caused a busy three and one half months in the 
fall and two and one half months idleness in the winter. 
When it is realized that scarcely a living wage was paid dur- 
ing the busy seasons, owing to the overcrowded condition of 
the labor market, it can readily be imagined how poorly pre- 
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pared Snanciallf the employees were to meet the enforced idle- 
ness of the alack seaaons. Afiairs finally reached auch a paas 
that they could no lon^r he borne, when a strike enaaed. It 
was one of the most severe ever experienced in New York City. 
It lasted some twelve weeks, bankrupting many of the employ- 
ers, while some of the employees died from privation. Finally 
the merchants who needed the product of the factories brought 
the strike to a close by the formation of an association of the 
employers and an afSliation of the various unions of em- 
ployees. Each of these two bodies appointed two representa- 
tives to a joint board and with them on this hoard they asked 
three public spirited citizens to sit. This board waa asked to 
consider the mtaation and recommend remedies. 

We are not apt to realize how large some of these light 
manufacturing indostries are. In the one described above, for 
instance, the 2,000 shops contained 60,000 employees, who, 
with their families, constitnted an industrial community of 
200,000 people, as large as the city of Providence or Indian- 
apolis. When we consider that this number of people, or a 
very lai^e proportion of them, were thrown onto the City of 
New York for support twice each year and that this is only 
one of several other industries in which similar seasonal fine- 
tuations occur, it is not surprising that the city's charity 
organizations are so strained that the almshouse, the work- 
house and the jails are crowded ; that the gambling house and 
policy shop and pool room thrive; that the saloon and dis- 
orderly house abound ; Hat the bread line and tiie park bench 
are filled. 

The seasonal fluctuation is only one of the difficulties with 
which the manager in every industrial enterprise has to eon- 
tend and which cannot be remedied even by any amount of 
scientific management in his individual plaut but only by a 
control affecting the whole industry. The democratic prin- 
ciple of having the employee represented in the councils of the 
industry, works well in the instance just referred to and in 
' others as well. The illustration I have given is only one of 
several which I might mention of industries which have done 
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the same thing. But all aboQt ub we see wastes occasioned by 
others who have not done it. By some of these wastes our 
high cost of commodities is easily ezpluned. 

In the block where I live in New York City there are twenty 
dwelling houses, and an apartment house in which there are 
twenty-four families. Every morning there come into that 
block eight different milk companies' wagons, four ice com- 
panies' wagons, six grocery companies' wagons, etc. The 
question of distribution can be settled only by organizing 
these various industries so that the milk industry, the ice 
industry, the grocery industry do not duplicate their truck- 
ing in such a ridicnloua manner. This means that we must 
educate our people in the principles of political and industrid 
science, beginning in the primary school and extending all 
the way up into the postgraduate schools of business adminis- 
tratioD. People should know that the cure of our present 
troubles will not be by breaking up oar industrial combina- 
tions but by fostering further combinations where labor and 
capital are represented under public supervision. No man 
should be allowed to become a manager until he has completed 
a course in one of the graduate schools. No enterprise should 
be allowed to exist until it has secured a license obligating it 
to meet certsin requirements and if it lapses in observing 
them the license should be revoked. This is what I think 
should be included in a knowledge of scientific management, 
the only kind that will be really effective in the efficient opera- 
tion of industry. 

The Efficiency Society, three months old, with alrea^ over 
1,000 members, is now inaugurating a campaign of investi- 
gation into the results of present methods of management in 
industrial establishments following up the legislative investi- 
gation carried out by Congressman Redfield last winter. A 
frank and generous contribution of experiences is hoped for 
by employers, employees, and efficiency engineers. A con- 
ference on the subject will be held in the fall, at which time 
it is exi>ected, sufficient data will have been collected to be 
analyzed and studied, and deductions made for intelligent 
discussion. We trust Ihat the results will he most helpful. 
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A BROADENED VIEW OF EFFICIENCY IN 
ENGINSERING INSTRUCTION. 

BT LEWIS J. JOHNBON, 
Profeasor of CSril EngliMeriBg, Huvud VtdiwAtj. 

I certainly favor efficiency in engineering inatraction as well 
as in o^Ler thingis. I believe that we owe a great debt already 
to Mr. Taylor, Mr. GUbreth and the rest for what they 
have done to wabe ns np and show na the way on these lines. 
Particnlarly do I rejoice that Messrs. Taylor and Gilbreth 
recognize as indispensable the cultivation of good will between 
employer and employee by simply making it automatic with 
honeatand intelligent efforts for juat and fair relations. They 
see the moral and hnman side, hence I believe that they are 
in a fair way to lead ns to snccess. 

But to my mind efficiency is a pretty broad anbject, broader 
than mere questions of economical production and trans- 
portation. It involves to an equally high degree the cor- 
rect distribution of emphasis and attention. This, to my 
way of thinking, means a high degree of emphasia and atten- 
tion upon the basic, but sadly n^lected (when not mis- 
directed, perverted, or sterilized) lines of activity, political 
economy and the science of government. 

For while, of course, it profits us much to extend our 
already relatively ef&cient means of prodnction, our work will 
fall far short of its purpose if we do not do something to 
pnt our whole industrial and political structure on a firmer 
basis through getting in line with the fundamental laira of 
justice and human nature. If this be done, I feel confident 
that progress toward self-sustaining industrial order and 
peace will be not only possible but rapid and certain. Other- 
wise our present chaotic conditions can hardly fail to grow 
worse. The "conservative," as he loves to call himself, who 
lOS 
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seeks quiet and peace "by sittii^ on tbe social safety-valve, and 
his compeer in social value, the man who seeks to secure relief 
for bad conditions by putting grit into the bearings of his 
employer's machinery, are both abroad in the world. The 
normal man most begin to put efficiency into his citizenship 
if we are to find the tme wi^ out 

No one, whether lawyer, clergyman, journalist, . office- 
seeker, office-bolder or the ordinary academic essayist, ia so 
well equipped, I believe, to deal with this great field of scien- 
tific management fundamentally and constructively as the 
man with the ei^ineer's or the applied science roan's train- 
ing and attitude of mind. If we are to have a society in 
whidi securely to practice the fine and noble art of scientific 
management in the production of wealth, the scientific rather 
than the traditional point of view most, in my opinion, get 
into effect in our b^gest and most far-reaching public 
relations. 

Our customary habit of thought in business and commercial 
relations is still nearly as greedy, because as misguided, as in 
the time of the Pharaohs. Our political machinery, even 
in this land of progress, has been but little improved since the 
invention of the steam-engine. Here I believe is an immense 
and most promising field for scientific management. 

As a first step we should seek and establish a true and sane 
definition of proper^. For thus only can the property of the 
capitalist and of the laborer be secure and a proper economic 
incentive (and that means a chance for industrial peace) be 
maintained. This I believe is no insoluble task even if it is 
largely abandoned for the consideration of far less important 
matters. In the political field, scientific management would set 
in motion the old ideas expressed in the Bills of Bights of the 
early state constitutions. These were particularly well stated 
a century and a third ago in the Maasachusetts Bill of Bights ; 
well stated, but for reasons then unavoidable, imperfectly set 
in motion. 

This subject I venture to bring before the society at this 
time because here is a body of men whose instincts and habits 
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are fondamental and constructive — who will quickly aee, U 
they do not already see, that, important as scientific manage- 
ment of tiie prodactioQ of wealth certainly is, a scientific 
management of the distribution of wealth and the main- 
tenance or establishment, if necessary, of peace, contentment 
and order in society is even more important, and that it is 
both their right and duty as citizens to do their full share in 
thia work, and perhaps to take the lead. 

I think that ei^pneers, if no one else, will dare believe that 
the distribution of wealth in sociely can be made aa antomatic, 
smooth-working, and satisfactory as the circolation of blood In 
a healthy animal ; that they will realize that sach resolta can 
come only from proper guidance of natoral forces, and not 
from arbitrary and shallow legislative interference with such 
forces. I certainly believe that we have only to get in line 
with the fundamental laws of economics and human nature, 
and let them, like gravity taking water down hill, do the work. 
And we need not feel concerned if the school of thought which 
got humanity into its present and century-old fix, denies the 
existence of snch laws or the possibility of getting into 
harmony with them. 

The work of the next few decades is a new work, a work for 
applied-science men and others who can comprehend that 
there can be no social or industrial peace so lot^ as human 
traditions, conventions and laws are kept fiying in the face of 
the fundamental laws of the nature of men and things. Noth- 
ing is so much needed by engineers and applied-science men as 
a realization of this point of view. It opens to them a vastly 
broadened prospect of service as citizens and, in common with 
all other useful workers, greatly heightened satisfactiona of 
the durable sort, to use President Eliot's admirable phrase. 
Hence nothing can contribute so much to the efficiency of 
engineering instruction in the bi^est and broadest sense, as to 
make clear to the young engineer-citizens that their trainii^ 
in careful and responsible construction can apply, and ought 
to be made to apply, to the whole range of civic and industrial 
problems; and that they need feel neither surprised nor dis- 
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torbed if popolarl/ accepted "experts," apologists for exisfc- 
ing evilfi, oppose their conclusioiiB. George Stephenson had to 
straggle hard in the face of the "experts" to get recognition 
for his "travelling engine," and the responsibilities and op- 
portanities of the civic ei^ineer of to-day are perhaps greater 
than those which confronted the mechanical engineer, Qeo^e 
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ABSENCES FROM CLASSES ONE MEASURE 
OF INEFFICIENCY. 

BT P. P. MoKIBBBN, 
Professor of Civil Engineeriuf, Lebigh UniveiBitr. 

To persona in chai^ of schools or colleges & study of 
student absences from classes is of great valae, because the 
absences are to a certain extent a measure of the efficiency of 
the aystem. If the system is working well there are few 
absences from classes. If it ia joking along with friction 
and kept going only by the continuous effort on the part of 
those in control, the number of abseneeB will be large. Viewed 
from this standpoint, therefore, efficiency can be said to vary 
inversely as the number of absences. In analyzing the 
problem of absences at any institution one should first make 
a ^stematic study of the underlying causes. Sach en in- 
vestigation will show that students absent themselves from 
classes because of the following reasons: Poor teachii^; lack 
of interest on the teacher's part; nninterestii^ subject matter; 
sickness, either of the student or of his friends or relatives; 
conflicta between recitations because exercises in two different 
subjects occur at the same hour; other legitimate matters 
which take students away from their work; idleness; laziness; 
dissipation; and youthful neglect. 

There are two general ways of dealing with the absence evil. 
In one, frequent written tests during the term and a final 
examination constitute the basu for determining each 
student's standing. In this system no attention is paid to 
absences by the instructor except that the student is graded 
zero at each written test or examination from which he absents 
himself. Clearly, the effectiveness of this method is dependent 
upon excellence of instruction and upon keeping the students 
ignorant as to when written tests are to be given. This is a 
good system, because few students will be absent if they realize 
112 
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that a written test may be given at any exercise and that an 
absence from such a test is of very decided value in determin- 
ing their academic status. The other system, which is in 
Togue at some schools, is that in which each student is graded 
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frequentif daring the term upon daily recitations and upon 
written testa regarding wtiieh he has been previoosly informed 
as to their time of occurrence. In this ^stem a number of 
absences is fixed for each subject, constituting a maximam 
limit beyond which the student must not go in absenting him- 
self from class without suffering the penalty imposed for 
exceeding the limit. The penalty usually consists in exclusion 
from the final examination in the subject in which the absence 
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limit has been exceeded and the limit bears a certain relation 
to the number of exercises per week in the subject. For 
example, if there are three recitations per week in a subject 
the exclusion limit might be fixed at six, which is double the 
number of exercises per week. This ratio is too highj four 
would be a better absence limit in such a ease. The very 
existence of an absence limit makes some students feel that 
they are allowed to take these absences, even though their 
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gn^es for ezereiBes from which they are absent be zero, hence, 
this system is condDeive to absences on the part of a few 
Btudents if for no other reason than the inherent diapoaition in 
man to take all that is coming to him. Some stadenta do not 
realize that the absence limita set are to meet nnforeseen and 
unavoidable contingencies. It is unfortunate that the great 
number of worthy and careful stadenta ^ould be subjected to 
strict rules simply because there are a few irresponsible mem- 
bers in their ranks. 

Believing as I do that absences are conducive to the forma- 
tion of bad habits, which take time after graduation to over- 
come, and that an employer notices in many ways the effect 
of "dilly-dally" habits formed in eoll^;e, I have tried to 
reduce their number in exercises taught in the civil engineer- 
ing department at lichigh University. That the effort baa 
been successfnl is shown by the accompanying diagram and 
table, wherein it appears that in the aiz years b^inning with 
the coUege year 1906-1907 the total number of absences in the 
department has been reduced from 4,217 in that year to 1,564 
in the year 1911-1912. During this same period the per- 
centage of absences has fallen from a Tnarininin of 7.9 in the 
second term of 1906-1907 to a minimum of 2.4 for the first 
term of 1910-1911. The percentage of absences in any term 
is obtained by dividing the actual number of absences in all 
subjects by the product of the number of students and the 
number of exercises, and multiplying the quotient by 100. In 
the accompanying table every absence from exercises in the 
civil engineering department is included, wheflier occasioned 
by sickness, neglect, athletics, conflicts between two different 
subjects occurring at the same time ; in fact, from every cause 
whatsoever. 

This reduction has been accomplished by showing the Btu- 
dents that it is for their good that they be present, by pabUsb- 
ing the figures to show that an evil existed, by trying to make 
the exercises so interesting and important that students wished 
to attend, by unceasing watohfolness over and persuasion 
with those who showed carelessness, and finally where all 
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other means failed by enforcing strictiy the role regarding 
exclusion from final examination where the absence limit had 
been exceeded. This exclusion meant that the student under 
discipline was compelled to repeat the subject in class. A 
very forceful argument that sets the students to thinking 
about this matter is that pertaining to the financial aspect of 
the question. lict it be supposed that a student has 18 elasa 
exercises each week for 30 weeks or 540 exercises during hia 
college year and that the total cost of his year's stay at 
college is $810.00. If he is absent once he has wasted $1.50, 
assuming that each exercise is of the same importance; 10 
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absencea means the loss equivalent to $15.00. Of course, the 
reasoning here is far from logical, because a bo7 will not lose 
the entire lesson by being absent from the recitation if he 
has devoted some thought to the lesson at home, bat there Is 
jost enough basis for the argument to make some students 
nnderstRnd the point involved and to make them improve their 
attendance. 
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THE PROBLEM OF EFFICIENCY IN TEACHING.* 

BT W. A. Hn^LEBBUO}, 
FrofsBSOT of Eleetrical EDgineering, Oregbn AgrienltnTal College. 

President Jordan, of Stanford University, tells the story 
of a prominent entomologist who began his study of organic 
science under Professor Agassiz. The young man was at 
first given a fish to study with the brief instruction to find 
out by observation all that he could about it. After some 
twenty minutes or half an hour he reported to his instractor, 
only to be told to go back and look some more. His real 
observation began when he picked up a pencil and commenced 
to draw, but after noting with painstaking effort apparently 
all that the exterior of the specimen could reveal, he was 
informed that he had overlooked the most s^nificant fact of 
all. For two days he pondered over the en^^a until it oc- 
curred to him in s dream, that the fish is symmetrical. In 
his stubborn insistence that the student work out his own 
salvation, backed doubtless by a personal magnetism that 
spurred him to the effort, lay the genius of Agassiz as a 
teacher and in that same spirit lies the essence of good teach- 
ing today and for all time. 

Most people acquire knowledge of a new subject slowly and 
with' dif&culty and what a student does acquire he must win 
for himself, as a rule laboriously. How true this is will be 
vouched for by any teacher who holds himself responsible 
for seeing that his students absorb the information which 
he strives to impart 

In a recent article Professor Paine, of the University of 
Illinois, describing the work in that institution, cites the daily 

* Thin paper naa first preseitted, by leqnest, at tlie December meeting of 
the Portland section A.I. E. £., and Bnbsequontl; printed in abstract in 
tlie Jotrntal of Eleetrieity, Power and 6a». 
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problem as an essential featnre, whereby, to ose his own 
words, "The student finds out for himself," a laborious proc- 
ess but, where effeetiveneBB i^ the goal, the only one which 
the aathor belieTes practicable. 

In my own dasses I have for five years given the following 
problem ; 

"An arc light which behaves as a dead resistance consumes 
seventy volts at the arc with a current of six amperes : Find 
the reactance in ohms of a choke eoil to be placed in series in 
order that the arc may operate properly from a one hundred 
ten volt circuit." Each year regularly fourteen out of fif- 
teen men will add algebraically the reactance and resiBtanee 
volts, although for a week or ten days they have been success- 
fully solving problems with complicated series and multiple 
groupii^ of resistance, capacity and inductance. A similar 
experience would await when, later in the semester in the 
study of transmission lines, the reactance and resistance drop 
would again be added algebraically. All of these problems 
bad to be corrected and returned by the student and much 
time could have been saved to all concerned by a word from 
the instructor. 

When this fact concerning the difficulty with which knowl- 
edge is acquired is once accepted, it becomes the fundamental, 
underlying principle of any educational institution that 
adopts it and largely determines some of its most important 
pedagogic questions snch as the attitude of the student to- 
ward his work, of the teacher toward the student, and the 
provision of adequate funds that the work of instruction 
may be prosecuted in accordance with the accepted ideal. 
It will be an important factor in deciding how a given subject 
shall be presented by the teacher, that is, whether the best 
results are to be obtained by lectures, recitations from a text 
book, a course of problems, laboratory experiments, or through 
a combination of these methods. The questions concerning 
the number of students in a given course who can be effeet- 
ively taught in a single section, of the number of sections 
tiiat, with justice to all, particularly the instructor, one 
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man can handle, and also qnestionB as to whetiber the laculty 
of any department is nndennanned and of whether funds of 
the institution shall b« devoted to extending the work to 
Dew departments or strengthening those already in existence, 
are problems which may be solved intelligently only throngh 
the application of our guiding principle. 

In considering the question of the efficiency of technical 
instruction, on which alone the author claims to spe&k with 
any authori^, two important facts must be borne in mind: 
First, that in most of the colleges in America which t^er 
technical courses, instruction in a large number of quite 
unrelated branches is also given; and secondly, that every 
college is in honor bound to its students whom it ostensibly 
prepares for life, to offer in every departm^it of its curricu- 
lum a minimum number of courses which the nature of each 
subject and the precedent set by other schools of similar grade 
have declared standard. For instance, in electrical engineer- 
ing there must be offered in the junior year an introductory 
course of lectures or recitations with correlated laboratory in- 
struction in dynamo electric machinery, followed the next 
year by similar bat more advanced courses and one course in 
the elements of engineering practice as applied to enterprises 
which utilize the electric current. More can be and generally 
is offered but this is the irreducible minimmn which the 
institution obligates itself to undertake as soon as it adver- 
tises a department of electrical engineering. 

Like its near relation, the business corporation, nearly 
every educational institution has but limited funds with which 
to carry out the plan definitely outlined in its founding 
grant or by the policy of its governing board. It inevitably 
follows, that if an aggressive and capable departmental head 
in Greek, botany, or mathematics is unduly favored with 
appropriations to expand the work which he so successfully 
directs, every other department of the university or college 
must suffer in proportion as its own income is thereby depleted. 

Upon every department head or faculty therefore, devolves 
the responsibilily of analyzing their particular situation, of 
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deciding upon the minimum equipment and personnel necea- 
sar7 to adequatdy serve the students as local conditions de- 
mand, and to insist that the necessair appropriation be 
granted. To prove one's case is often by no means easy, 
especially in view of the fact that other departments doing 
a somewhat similar work may be handling relatively much 
larger numbers. Accordingly, during the fall of 1910, the 
author made an efiFort to determine the amount of time actu- 
ally taken by the courses he was conducting, with the idea 
of determining the number of courses and students which 
one instructor under similar conditions and with like ideals, 
can handle. 

For an entire saneater, or nearly four months be kept & 
detailed record of the disposition of bis time, itemized under 
headmgs which endeavored to acconnt for every period of the 
working day, down to as brief an interval as five minutes. 
Upon a sheet of paper on his desk was recorded the time of 
eveiy interruption of routine work or of every chaise from 
one form of activity to another. When away from the desk 
similar record was kept in a memorandum book. 

Time was charged against the following, and averaged, in 
some cases, for a week of five days, although the record com- 
prised the entire seven, but &b class instruction covers only 
five days it is- assumed that work for the university was per- 
formed in that time, in order to give a standard day. 

Honra per Week. Honri per Day. 

1. Preparation for cIbu 6:4S 

2. ClaBs-ioom instruction 5:45 

3. Coireeting reports and papers IT :S5 

4. InterriewB 9:20 

5. MiscellaneouB 11:55 

Total 50:20 

It was not until after my record had been completed, that, 
in reading Bulletin Number Five of the Carnegie Foundation, 
I discovered that Mr, Cooke had obtained similar information, 
with a doubtless similar purpose, from the physics teachers 
at the eight institutions which he visited. 
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This shows a heavier schedule than was actually carried, 
owing to the fact that preparation and correction of reports 
were carried on over Saturday and Sunday, but is fair if it is 
understood that the Iwit two days are left absolutely free. 

During the five days of instruction an uninterrapted 
period of not more than two hours could be counted upOTi. 

About three quarters of an hoar a day were occupied in 
conferences with other members of the same or allied depart- 
ments, which, although conditions were exceptional, was alto- 
getiier too much. The author was a prime offender. 

The amount of time, over an hour a day, devoted to student 
interviews and the number thereof, which woiild run as high 
as eight or ten in a single day, seems unavoidable when the 
nature of the course is considered. The students had two 
laboratory periods a week with an inflexible ten-day limit for 
reports, in which were to be answered numerous questions 
coDceming apparatoa handled in the laboratory experimenta. 
In view of this fact and of the ezigenciesof schedule it seemed 
impracticable and unfair to keep office hours at which time 
only consultations might be held. This m«ant a reduction 
in efficiency on the part of the instructor, tmt it was con- 
sidered essential to the best interests of the student. 

As it stands, the schedule is too heavy because time should 
be allowed him for study and investigation outside of that 
which he may feel inclined to take from his family and social 
duties. This is necessitated by the demands made upon the 
engineering teacher by his college, which requires that he 
keep up to date, by the profession which looks to him as an 
authority on the theoretical side which the man in practice 
often lacks the time to study, and by his students who come 
to him with questions on a wide range of topics. In my 
opinion, six hours a day is as much as any man in the teaching 
profession should be required to devote to worir of instruction 
either by way of actual teaching, conference, or preparation. 

The conrses conducted by the author, either solely or in 
conjunction with others, were as follows: 

1. A course of lectnres to freshmen requiring two hours a 
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montli and a total of thirty hours for the semester in con- 
ferences. 

2. A recitation coarse to fifteen seniors of three periods 
a weet on alternating carrent machinery. There were as- 
signed five problems and six examinations, making a total 
of 165 papers whose correction required an average of four- 
teen minntes each. Each problem snbmitted had to be re- 
turned by the stndent, if incorrect, until mailed satisfactory. 

3. Laboratory course to the same fifteen seniors, in which 
twenty experiments, each rcQuiring a report, were assigned. 
My share was the readii^ of these reports, which were first 
handed in preliminary to the experiment and then after per- 
formance, resubmitted nntO accepted. Three hundred re- 
ports averaged forty-one miniites each — total time. 

4. Course of lectures to twenty juniors, one period a week. 
Nine reports required, one hundred eighty total, averaging 
eight minutes each. 

A few words as to the conduct of these courses are now in 
order. Numbers three and four constituted the burden of the 
work. They were closely correlated, laboratory instruction 
in a given subject preceding the class room study thereof by 
one or two weeks, it being our belief, supported by experience, 
that although it increased the difficulty in preparing for and 
running an experiment, such difficulty was more than com- 
pensated by the advantage to the student in having had some 
physical contact and experience with a machine before at- 
tempting to master the theory. 

An idea of the effort that was made to force the student 
to do as much as possible of the work himself and develop his 
power to observe and reason, is given by the following inci- 
dent. One of the boys stepped into mj office for information 
which could have been briefly and directly given but instead, 
eighteen minutes were consumed in an effort to make him solve 
the difficulty for himself. All work submitted by the student 
was rigorous^ scrutinized throughout and no observed error 
in spelling or grammar was allowed to pass uncorrected, but 
the opportunity which such a series of r^Hjrts offer as studies 
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in composition was not taken advantage of for lack of time. 

An attempt will now be nuide to determine the amount of 
work of the sort prerlousl? outlined which one man can 
effectively handle, it being assumed that similar ideals and 
methods will be adhered to, and that six hoars shall consti- 
tute a day's work. 

Then, one instructor can read the reports on seven experi- 
ments performed per day in the senior laboratory, provided 
he does notiiing more. The extra hour is allowed for con- 
ferences. If he also handles the section during the three 
hour laboratory period, then he can read the reports of three 
or four men. If he is in charge of the laboratory and respon- 
sible for the codrdinatiou and development of its facilities, 
the burden of report reading should be largely taken off his 
shoulders, entirely so if he conducts any other courses be- 
sides this one. In a progressive institution, whether it be 
rapidly growing or not, the w<M-k of coordination and develop- 
ment will easily take from one quarter to one third of a man's 
time, even if he has a mechanical assistant to attend to that 
end. 

In the class room study of machinery performance, a class 
of thirty juniors or seniors should be split into two sections, 
for the weight of authority agrees that for most instructional 
work of any kind, wherein the work is of a nature that requires 
personal supervision, the limit of efficiency is passed when 
the number of students in a section is more than twenty-five. 
Two such sections, meeting three times a week, can be handled 
profitably by one man whose time will be completely appro- 
priated in preparation, recitation and correction of papers if 
daily problems are assigned which must be successively re- 
turned by the student until correct. His time will be con- 
sumed as follows, for the week : 

Preparation 3 honrB, 

Class 6 honrs. 

Correetion of papers, 8 X 30 X } 22i houra. 

or the total of 28^ hours out of a Tna.TiTnntn thir^ allowable. 
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Since ample time is to be allowed the instructor in which 
properly to do his work, equal justice most he granted the 
student, which means few credits, preferably not over fifteen 
or ^zteen in the junior and senior years, and, in the case of 
men who will take proper advantage of their importunity, 
often a less number is profitable in promoting more intensive 
study and effort. 

It, in such a course, the assignment of one or more prob- 
lems every day is deemed neither necessary nor desirable, 
then more time for other woik is left both student and 
instructor. 

Assuming three men to handle the above group of seniors, 
in a laiboratory course wherdn each student spends three 
hours a week, and one recitation course of two sections, meet- 
ing three times a week, which would be a light schedule for 
so many instractom, H is eeea that in a year of thirty-two 
weeks, five thousand, seven hundred sixty (5,760) student 
hours of instruction will have been offered, or nineteen hun- 
dred twenty (1,920) per man. By a student hour is meant 
one hour nominally spent by a student with his instructor. 

In the courses given by the department of electrical engi- 
neering at the Oregon Agricultural College there will prob- 
ab^ be offered this year, seven thousand, three hundred 
(7,300) student hours of instruction, or with a faculty of 
two and two thirds men, for two instructors are shared by 
this and the department of physios, twenty-seven hundred 
forty (2,740) student hours per man. The imaginary schedule 
is admittedly light, which places our Oregon institution almost 
in the same class, as regards opportunity. 

Since the question of efficiency in teaching is inseparably 
boond up with that of finance which provides the necessary 
funds, it should be of interest to ascertain, if only in an indi- 
vidual case, what the cost of instruction may be or actually is. 

The courses offered by our department this year are as 
, follows: 
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Junior laboratoij Mone S Bemeitan, 2 eieditB aaeh. 

Jimior leeltation motm 2 Hmeaten, S eredita Meh. 

Benior laboratorj eonne 2 Bameaten, 2 credits each. 

Senior rodt&tion eonne 2 lemeHtBri, 8 credit* eaefa. 

Senior design ConrM 2 Bemesterg, 2 oredita eaeli. 

Senior theoii oonrae 1 Mmester, 2 eredita. 

In the junior class there are eighteen men and in the senior 
class eleven with a total of 7,300 student hours and 413 credit 
hours, which totals can not be deduced alone from the above 
table. 

The cost of instruction la subdivided as follows : 

Teaching salariea, labor and anppliea oaed lolelj tij the depart- 
ment in eonnectiDn with the sbore enumerated eonrsea .... (4,325.00 

OoUege adminiatrstioD and maintenanee, electrical department 
■hate SeO.OO 

Fixed ehargw, interest and depreciation 1,360.00 

Total (S,EH.OO 

Administration and maintenance cover the expenses of the 
executive, registrar and business otBces, publications and care 
of grounds apportioned in the proportion of the number of 
students taking work in our department to the total regis- 
tration. A better division would perhaps be founded on the 
proportion of student hours instractian to the total for the 
college, but these figures are not available. This item of ex- 
pense also covers janitorial service and heating, apportioned 
in the ratio of floor space occupied b7 our department to the 
total floor space, estimated, of the college. 

Fixed charges include interest at four per cent. This 
flgure is the one used by Mr. Cooke in his report to the Car- 
negie Foundation. It seems legitimate to charge interest 
because the college plant waa provided hj the taxpayers of 
the state with funds which might otherwise be productive. 

Depreciation is ^ured at the following rates: buildings, 
2 per cent.; electrical equipment, 5 per cent.; power plant, 
5 per cent ; wire plant, property of college, 8 per cent. ; heat- 
ing plant, 4 per cent. ; printing ofBce equipment, 5 per cent. 
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Stndenta Miroll«d in Bleetrieal cootsm 80 

Total enroUineiit of full cootm BtnduitB 1,06A 

Bktio, a/b = .0es3, or 2.S3 per cent. 

8q. Pt 

(a) Floor spsee oeenpied bj department 4,13S 

(•f) Floor apace, elaw rooms, laboratoriea and offleea in Heehan- 

icol Hall, home of electrisal engiueeTuig department . . 17,230 
Batio, old, = .BC, or 2S per cent. 

(e) Floor epaee for entire college (estinuited) 853,000 

B&tio, o/e==.012, or 1.3 per cent. 

Fixed charges were computed and apportiotied to the de- 
partment as follows: 

Ueelianieat HaU, $30,000 X (.02 plna .04) X .2S MSO.OO 

Departmental equipment $$,500 X (.04 plua .05} 756.00 

C&mpiiB land^ $15,000 X .01 X .0288 17.00 

Power plant, $10,000 X (.04 plna .05) X .0280 48.00 

Wire plant, $5,000 X (.04 pins .08) X .0288 17.00 

Heating plant, $34,000 X (.04 plus .04) X .018 82.00 

Printing plant, $5,500 X (.04 plus .05) X .0283 14.00 

Admlniitration olDee^ $SJ»0 X (.OE ploa M) X .<^83 17.00 

$1,860.00 

Although the estimated value of land on tiie campus is 
about $200,000.00 only the approximate purchase value was 
used in computing cost. 

FerCaot. 

Batio Balariea, etc., to total co(t 66.5 

Satio administration and maintenance to total cost 13.6 

Batio 6xed chargeB to total cost 20.0 

Cost per student hour, $6,584.00 h- 7,300 equals $.90. 

Cost per student credit, $6,584.00 — 413 equals $15.95. 

For every registered hour a student spends with an in- 
structer in our department it costs ninety cents. It is inter- 
esting to note that this value lies within the range reported 
by Mr. Cooke as the cost per student hour in physics at eight 
prominent Eastern and Middle Western colleges and uni- 
versities. His costs average $.87. 
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Agggming that the salary roll should vaiy aboat as the 
number of students, the cost of instruction may be repre- 
sented by the following formula, where s equals the number 
of credit hours in courses offered by the department: 

Annual cost =$2,259.00 + 10.50a:. 

10.50 covers salaries, etc., per credit hour in 1911-12. The 
amount which annually must be provided to run the depart- 
ment is given by the formula 

899 + 10.501 +y, 

where y is the annual equipment appropriation, which may 
vary from nothing to whatever tiie authorities feel can be 
afforded. 

Doubtless the most perplexing question confronting every 
college president concerns the distribution of the annual ap- 
propriation. The author believes that a careful analysis of 
costs would be of material assistance in answering this ques- 
tion, and that, in general, a low cost per student hour will be 
a sign of inefficiency. 

In striving for efficiency in teaching as in any other en- 
deavor, we believe it necessary to possess a clear realization 
of the end sought, of the method which shall be followed and 
of the equipment and personnel required. Some conception 
of the necessary expense is also considered desirable. 



DiqitizeabyG00»^lc 



THE ADMINISTRATION OP COLLEGE SHOP 
LABORATORIES. 

BT W. T. M. GOBS, 
Dean of fbe CoUege of Engineering, TJniTersitj of miaoiB. 

The shop lahoratoir haa for many yean oonstitated an 
important factor in technical edaeatton. The Worcester 
Polytechnic Institate, which began its work in November, 
1868, gave a prominent place to sach laboratories. A shop 
laboratory was organized at the UnlTersity of Illinois in 1870. 
An elaborately equipped shop for the administration of graded 
courses of practice, in conformity with the so-called Bonian 
system, was established at the Massachosette Institute of 
Technology in 1876, at Pardne University in 1879, and soon 
after in varions state universities and in other institations. 

Several important results have followed the establishment 
of these shop laiboratories. Their work has interested the 
public. In the early development of engineering courses in 
the state institutions of the Mississippi Valley and the West, 
it was important that the work undertaken should be readily 
interpreted by the public. The foldings, the patterns, the 
castings and the finished machines resulting from the work 
of students in the college shops were accepted by the sup- 
porters of these Institutions as evidence of the practical char- 
acter of the work done by the college. Many institutions 
which began with the simple processes of the shop, have so 
stimulated the confidence of their supporters that they have 
been able gradually to build np coarses of greater breadth and 
value. It is especially true of the state universities, that the 
shop laboratories, with the field instruments used in survey- 
ing, have served as stepping stones in the upbuilding of the 
present-day broad and admirable courses of study and 
practice. 

Advocates of the movement have looked upon the work of 
129 
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the ehop laboratories as of the highest importance from an 
educational point of riew. Sach work has trained stadenta 
to an understanding of the nature of materials, and baa 
afforded them practice in many of the fundamental processes 
which underlie all construction. Its purpose has been not to 
make men skilful manipulators, bat to give them an under- 
standing of the principles governing manipulation. Not only 
bare the shop laboratories accomplished this purpose, but 
they have bestowed upon students certain incidental advan* 
tages. The fact that a graduate in mechanical ei^ineering 
has been able ta run a lathe has often supplied a way for his 
admission to an establishment, in the management of which 
he has later become an influential factor. In the early days 
of the technical school, the fact that the engineering graduate 
could make tests and calculate the efficiency of a boiler, 
counted for little, but the fact tiiat he could take his place in 
a shop and do Idlings which the practical men of the shop were 
paid for doing, at once gave him value in the opinion of the 
men who were influential in determining his future career. 

Many changes have affected the engineering industries 
since shop laboratories first made their appearance, and many 
new conditions have arisen which must be taken into account 
when one attempts to define the present-day conduct of such 
laboratories. Much of the shop work formerly done by the 
college is now being very w^ done by the secondary school. 
The practicing engineer and the corporation manager, who 
employ the technical graduate, no longer require him to be a 
skilful manipulator. The employer is now willing to accept 
at its face value a candidate's ability to apply correct theory 
in the analysis of practical problems, and ho does not insist 
that he shall be able to compete with skilled workmen as a 
workman. A demand has developed for men possessing other 
characteristics — ^the characteristics of the well-trained theorist 
and analyst — for men who understand the principles under- 
lying the work of the mechanic, and who through the applica- 
tion of these principles can aid in a lai%e way in increasing 
the efficiency of the establishment they serre. The people 
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coatribntmg to the sapport of the technical school no longer 
require the activities of the shop laboratory to convince them 
of the value of the engineer's training, for they see in the 
woit of men who eontrol the ei^pneering activities which are 
going on all about them, a better and a broader definition of 
the true functions of the engineer. 

From these considerations it should be apparent that the 
ideals which hitherto have stimulated the work of the shop 
laboratories are sustained hy arguments which are losng force 
as time proceeds. So true is this that the question is already 
fairly before the technical school as to whether the existing 
shop cooTses which have served so long and so well shall be 
entirely abandoned. If not abandoned, they must be placed 
upon a nerw plane of excellence. 

In the opinion of the writer, the time has come when the 
shop laboratory should cease to be cont^it with a grade of 
work possible in a secondary school ; its wotk should possess a 
quality and character which is only possible in the raviron- 
ment of the technical school. This implies that the work of 
the Bhop laboratories must be interrelated with that of other 
technical coarses, that such laboratories must cease to use 
equipment which was purchased one or two decades ago, and 
that they must cease to be satisfied with methods of adminis- 
tration which, in the actual shops, have already passed out 
of existence. If the shops are to mean anything worth while, 
they must not only respond to ^e great and significant 
changes which have been going on outside, but they must 
have their part in leading such chaises. Their work must 
not stop with a routine ; it must proceed to the development 
of research that new principles may be established. This 
means that the administration of laboratories which are to 
serve such purposes most be in the hands of broadly trained 
men and that sufficient funds mnst be available to permit their 
operation on a scale far beyond that which most of our institu- 
tions have as yet thought possible ; it means that such labora- 
tories will take their place with courses of instruction touch- 
ing ^e principles underljdng systems of shop production just 
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aa the fiteam-engine laboratory has taken its place in con- 
nection with class room conrses in thermodynamics. 

This conception makes tiie problem of the modem shop 
laboratory one of large proportions, and its solntion presents 
a field of endeavor which the ofBcers of technical schools will 
find fall of promise. 
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BT 8AKP0HD E. THOMPSON, 
ConEmltiiig Engineer, Newton EighlnndB, Maaa. 

In nearly all collegea there are certain studies designated 
by stndents aa ' ' snap ' ' courses. Where the elective ByBtem is 
in fall force, it foUows inevitably that a stadent can select 
courses that will permit him to obtain a degree with a remark- 
ably small amount of brain exercise during any one of the 
four years of residence. 

At the Massachusetts Institute of Technology, the institu- 
tion with which I am most familiar, and I presume also at 
other technical universities, "snap" courses are hard to find. 
For the attainmexit of a degree in science, a student must 
follow lines of study which are closely prescribed. Yet even 
in these schools, noted for their "grinds," there is a marked 
difference between the amount of work required by different 
departments and by different instructors in the same depart- 
ment. Furthermore, different lessons and exercises in the 
same course frequently vary to a great extent in the time 
required for preparation or performance. 

Partly as a result of such variations, a common complaint 
of employers of college graduates and technical school gradu- 
ates is on the ground of the inability of the latter to attack 
a job in alSusineBs-like manner and complete it in a reason- 
able time — ^their lack of "know-how-to-work." Frequently 
along with this is the failure to realize that a simple error in 
addition or subtraction may be even more serioos from a com- 
mercial or engineering standpoint than au error in method of 
computation. In filling positions in my own organization 
where the applicant is a recent graduate, my first question is 
with reference to what practical work he has done before or 
during his college course; can he turn out a piece of work 
18S 
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not only in the proper way, but quickly and aooorately I We 
freqaent^ hear the statement — tree, however, only with a 
portion of the stadents — that a man is not good for anything 
until he has been oat of college at least two years. For an 
engineer, a knowledge of mechanics is a fundamental require- 
ment, but except where mathematical analysis is required, I 
prefer to instruct a man in method rather than in aeenracy 
and Bpeed. He will learn the former quicker than he will the 
latter. 

The problem of devdoping more fully this power of accom- 
plishment is no simple one, and I do not refer to the matter 
in a ^irit of criticism — I speak from the standpoint both of 
an employer and of a lecturer in two nniTersities — ^but with 
a view to calling more definite attention to tiiis point, with 
the object of soggesting a definite line which mi^ be followed 
for inducing improvement. 

The difficulty of estimating the task of a student in shop 
work by guess was called to my attention recently in a tech- 
nical school which I was vimting with a class of graduate stu- 
dents from a neighboring univerfflty. The task given to the 
boys was the making up of wooden boxes, and the time to make 
up two boxes was estimated at 1} hours. The boys knew they 
were being watched and, boy fashion, tried to make a record. 
One of them completed his first box in 12 minutes and his 
second in 11 minutes, about one-fourth the time scheduled. 
This boy worked too fast, at a speed greater than he could 
maintain throughout the day and produce good results. On 
the other hand, the estimated time was unquestionably too 
lai^e. The proper time for the task lay somewhere between 
the two. 

In the shops of one large institution in this vicinity — and I 
am told that it is one of the few in the country which go as 
far as this — the instructor has scheduled the time that it 
ought to take for each of the regular pieces of work to be done. 
'While not given specific times for the tasks, Uie stud^t is 
expected to accomplish a certain amount of work durii^ the 
term. This is a step in the right direction. It would be 
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still better lor the instmctor to bave records based on unit 
times, which should be so accurate that the stadent could 
accomplifOi each job within a definite fixed time, a record of 
his actual performance being kept on file. 

To see how some of the students actually worked, compared 
with the task that would be expected of a roacMnist working 
under scientific management, one of my assistant engineers 
made time studies of certain operationa in the shops referred 
to. These times were then compared with the times that would 
be fixed in practice for such joba for a man to do the work and 
receive a bonus. In one case the result was very good indeed, 
the student 's time being 43.2 minutes against a task time of 
30.2 minutes. The ratio between these is no more than would 
be expected between an average man and a man working 
under task and bonus. In the other case the student occupied 
four times the task time. The times of the operations are 
given in the following table. The unit times are not given 
individually but are grouped together into definite operations 
for comparison. 

In the operation of the task in practice, the man must turn 

BmUMO A i" AHo A }}" HoLx CoitPLBiaLT Thbouqh Ain> A I" HoLK 
I" Dnr IM A Pnci op Cast Ibok i" x II" X 1" Thick. 

Hill ft Clarke High Speed DnUiag Uftchbiea. 

atndeiit'i Tuk 

Tlma. Time, 

Hlnutes. HlnnHa. 

Drilling S holeB 6.47* IM 

Olftmping and handling piece 12.T6t 1.03 

Setting drills and drawing center 13.5S 3.30 

Chan^ng drilla l.TO L13 

Betuning 4.97 4.00 

Gleaning up and lort time S.12 

Total time 44.57 lO.SOt 

* Inclndes 2.14 minntee calipering hole. 

t The bed of student's drilling machine was not adjustable for these 
timea, while the task times are g^ven for an adjustable bed. This ae- 
conntB for a considerable part of the difference in this item. 

t biclodes aUowauce tot lost time and delays. 
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ICiKiNQ LiVK CuPTER FOB 12" Bezd Ekoink Lathi tbou 6" X lA" 
DiAUETKR PiKCZ or Machimxbi Stxxl. 

Beed 12" Engine lAihe via Higli Speed Tool SteeL 

Blndent'i IMk 

Time, TtiD*.! 

Klnuui. lOnntei. 

Frelimlitary work (getting correct taper) etc. 7.S6 COO 

Bongli tnm, main portion 5.00 3.T0 

Finish cnta, main portion S.02* 1.62t 

Turn small end S.IO 0.50 

rile and fit 7.40 3J» 

Boogh tnm joint iSS 1.65 

Trim joint 3.62 8J» 

Adjusting tools (operations not exactly alike) .... i^l TJIO 

Taming end for end and liandling IM 

Extra work and lost time (incladiiig bandling) .... 5.28 

Total time ^^25 MMt 

out a product of a definite quali^ and in s definite time in 
order to receive his bonus. Why in such work as the shop 
and the laboratory, where the same pieces of work occur year 
after year, should not the tasks be set in advance, not simply 
according to the judgment of the instructor, not by records of 
past performance that may or may not be aeenrate, but by a 
really scientific analysis! 

That this can be done is not merely theory, for it has been 
worked out to a limited extent in practice. In a certain 
school, tasks in the chemical laboratory were set by actual time 
study. Such work as this naturally lends itself to exact analy- 
sis. In another ease, tasks were woi^ed out in classes of work 
that at first thought would seem not susceptible of scientific 
analysis, viz., the reading and studying of scientific text. In 
both instances the work was carried ont by Mr. Hollis God- 
frey, who was at the head of the department of science in the 
institution referred to. 

For a period extending over three years, studies were made 

■ Uaking one roDgh cut and one finish ent at same feed as for rffo^ 
cut. 
t Making two finish cuts at less feed than for rongh ents. 
t iJtclades allowance for lost time and delajs. 
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OD the times taken by the slow, the quick, and the averse 
boy and girl, to perform the routine ezperimenta In the 
chemical laboratory, and ont ol some seventy tasks set on the 
basis of these tests, only tliree were found to be too long for 
the average student. The tasks were figured with an allow* 
ance for discossion of work by instructor and another allow- 
ance for writing out notes bo that the slow student was 
required to devote extra time to his work. One of the assist- 
snts was given the function of seeing that the chemicals and 
supplies were provided for each exercise to avoid delay on 
that account. 

For tlie setting of tasks for reading or studying scientific 
text, 100 pupils were timed to find how long it took them to 
read a certain number of pages for the first time, the second 
time, and ihe third time, it having been found that three 
readings were necessary on an average to aasimilate matter of 
this character. 

For other classes of study, such as the reading of literature 
or the reading of history, a fewer number of readings would 
naturally be required and a different time per page. 

For mathematical calculations, such as slide rule work and 
compiling of tables requiring multiplication and division, I 
have found it possible to set tasks in my ofBee, paying for 
this clerical work in accordance with the actual amount of 
work aecompUshed. 

These iUustrationa are cited simply for the purpose of indi- 
cating the possibility of setting tasks for work done with the 
brain alone as well as that done with the hand or the machine. 

If I am correct in my criticism, that different lessons and 
courses in different departments permit a wide range in the 
amount of work required by the students, then the problem 
is worth consideration. Like any problem worth studyii^, 
the solution cannot be given offhand, and only general sugges- 
tions can be made as to the method of handling tt. 

In our schools and colleges more attention is being given to 
the personal element. In our city schools we now frequently 
find a vocational department. It should be possible to take 
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another fanctioiial step in the direction I have named t^ 
delegating to a definite gitiap of men the function of studying 
and comparing the work required hj the different courses 
and departments. To do this properly, a scientific analysifl 
must be made and time observations taken upon students. 
Then with the advice of the individual instructors the courses 
could be definitely planned. Just as the task time fixed for 
certain machines and men in one shop may be applied to 
similar machines and men in another shop, so having once 
determined the unit times for a certain course, the same 
units could be readily adapted to a similar course in other 
schools. 

In making this suggestion, I am well aware that I shall 
be met with the stereotyped objection that "jom can set tasks 
for other kinds of work but yon can't set tasks for this," bat 
from my experience I know that it is possible to make a 
scientific analysis and to set tasks in practically all kinds of 
work. It may not be economical to set tasks in all kinds of 
work — ^in cases for example where the operation is repeated 
only occasionally. If a course of study or laboratory or shop 
work is outlined simply for a single year and is not to be 
repeated, there may be a question whether the setting of tasks 
is worth while. If, on the other hand, as is usually the fact, 
the same course is repeated year after year with only a few 
changes, that can readily be provided, for if the analysis of 
the operations has been properly made, the scientific layout 
of the work is practicable. 



DiqitizeabyG00»^lc 



DEPARTMENTAL ORGANIZATION AND 
EFFICIENCY. 

BY HUGO DIEQCEB, 
ProfMwr of IndDBtrial Bngineenng, PennsylTuuft Btate College. 

Dariog the past three years in condacting the department 
of mdniitrial engineerlDg at the Fenn^Ivania State College, 
we have held regular weekly meetiiiga of t^e department. At 
these meetings there has been the freest discussion of qnes- 
tions of policy and organisation, as well aa questions dealing 
with methods. The results have been extremely gratifying. 
There is no question in the minds of any of the members of 
the department bat that the meetiogs have resulted in co- 
operation, enthusiasm and accomplishment of results, which 
nnder old methods of organization, would have seemed im- 
possible. Among the matters which have been taken up by 
the department are the following : 

Consideration of courses and establishment of new courses 
ioclnding: (a) courses leadii^ to a degree, (&) topical courses. 

Two new conrses leading to a degree have been established ; 
namely, the fonr years* course in industrial engineering and 
the four years' course for teachers of manual training. 

New topical courses have been introduced as follows: 
fumitore design and constmction, painting, pipe-fitting, 
plumbing, sheet-metal work, time and motion study, lecture 
and recitation courses in machine-fihop methods, in foundry 
and pattern shop methods, in factory accounting, factory 
economics and factory planning. 

A canvass has been made by the department of schools in 
Pennsylvania teaching industrial training, manual training, 
vocational training and the trades ; ascertaining their methods 
and facilities. The department ia establishing a laboratory 
and mosenm of indostrial education. 

A committee of standards of the department determined the 

duties, responsibilities, authority, routine and teaching 

schedule of each member of the department, and has put them 

into writing and also in the form of a graphical chart. 

189 
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The department has initiated cooperative extension work 
with the local Bchool Bystem. 

We have introduced planning E^tems and detailed instruc- 
tion cards into all of our shops. 
We have established an apprenticeehip Bystem. 
We have developed our construction shops on a eommercial 
and self-snstaining basis. 

Among other matters taken up by the department and 
carried throngh to a successful finish are the following : 

Establishment of departmental accounts on a double 
entry Efystem. 

B«Tiewing of recently publi^ed books bearing on sub- 
jects tai^ht by the department. 

Selection of books to be purchased and magazine sub- 
scriptions, 

Distribation of expenses and allotment of fees. 

Arrangement of equipment, of ofBees, files, desks, etc. 

Alterations is lighting and power transmiaaion ^^tems. 

Records of grades, absences and departmental regula- 
tions as to ezenses from work and how it is to be made up. 

Continuous inventory of stores and equipment, together 
with proper depreciation charges. 

Pirat aid to the injured. 

Methods of teaching manual work, including : comparison 
of French, Qerman, Russian and Swedish methods as well 
aa methods in vogue in various American schools. 

Kinds of shop work acceptable for entrance requirements. 

Schedtiles of instructors; subjects and rooms. 

Use of equipment by students outside of class time. 

Lectures by visitors. 

Maintenance and repairs to equipment. 

Summer school courses for teachers to be offered by the 
department 

Standardizing, filing and indexing of drawings, catalogs 
and other memoranda for reference. 

In this outline of the work accomplished at onr department 
meetings and in my discussion on the results of experience in 



DiqitizeabyG00»^lc 



HUOO DIBMXB. 141 

teacMi^ scientific shop managementt I have oatlined aome 
definite and concrete accomplishments. In view of the above 
results attained it may not be oat of place to add a few 
thoughts and saggestions to accompany the many others 
which have been made in the direction of furthering academic 
efSciency. 

I believe there is a splendid opportunity in the colleges and 
universities for woric in providing means for attaining higher 
efficiency by the individo^ instructor and for the develop* 
ment of loyal^ and enthnsiasm among members of the in- 
Btnicting force by systematic investigation and resultant 
action. 

A systematic canvass made of all members of the instract- 
ing force in which each member would be asked just what is 
needed in his work to make him more efficient, and from each 
department and sub-department head as to what is needed to 
make him and the respective members of the teaching force 
under his jurisdiction more efficient, would if carried out in 
the proper spirit result in the accumulation of many sug- 
gestions. Some of these suggestions would be impracticable ; 
some of them would be negative ; but it is reasonably certain, 
that there is a sufBcient number of members in every teaching 
force with sane and positive constructive ideas for betterment, 
to guarantee that such a canvass would result in the securing 
of many ideas possible to carry out. 

Talking from the point of view of a man who has spent a 
goodly number of years in commercial work and has seen 
capable men develop in the employ of large corporations, it is 
my opinion that few educational institutions are inefficient 
because of insufficient working hours or an insufficiently hard 
day's task demanded of the instructor. In industrial work 
men of the mental calibre of college instructors are provided 
far more help in the way of stenographers, clerks and drafts- 
men than is provided in colleges. In industry, a department 
head is encouraged to avail himself of whatever help is needed 

t Fbooeedinos, VoL XIX., p. 153, 
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in the way of gtenographers, clerks and draftsmen to make 
him a more effective prodncer. In practically eveiy college in 
the United States the individual inatractor most be his own 
8ten(^apher, keep his own records, and do his own drafting, 
thos redncing hia productivity and efficiency in his specialty 
from twenty to eighty per cent. In practically every college 
in the United States, department heads are insufficiently pro- 
vided wi^ stenographic, clerical and drafting help and must 
make oegotiationB with administrative officers for the loan of 
sach help from their offices which have also osoally an insuffi- 
cient supply of it. 

In very few colleges in the United States are individual 
instructors provided with private study rooms where they can 
stndy free from interruptions at certain definite periods.. In 
attempting to introduce commercial efficiency some governing 
boards and administrative authorities require instructors to 
be at their desks during college hours. Such a requirement 
if accompanied by private study-rooms would be no hardship 
and would be welcomed by most teachers, as it would tend to 
shorten the necessary night work which must be done by every 
teacher, no matter bow competent, in the preparation of his 
next day's work. This constant night work by all capable 
teachers, much of which must be done after social fonctions 
and night meetings of faculties and committees, is usually not 
realized by critics outside the educational field. 

At the Pennsylvania Bailroad Company's School for Ap- 
prentices at Altoona there are three teachers. These teachers 
are provided the entire daily services of a man who acts as 
clerk and stenographer. As a result the instruction papers, 
notes, references, records, etc., are in acellent order. If the 
industries consider it worth while to do away with avoidable 
fatigue and also with clerical work by teachers not trained 
in that direction, why should not educational institutions t 

Are educational institutions systematically providing for 
the development of the individual instructor so that he may 
see more efficient methods and himself become more efficient t 
So far as concerns visits to other institutions tiiey are not. 
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While engaged in indasbrial work I have frequently had 
occasion to show methods of tiie eetablishments with which I 
was connected, to engineers, superintendents, foremen, and 
cost department clerks who were sent out on visiting trips by 
other establishments for the purpose of acquainting them with 
the methods of other companies. To some extent such visits 
are made by members of college teaching staflb. However, 
they are usually made by deans or heads of departments and 
generally only on such occasions as the establishment of a new 
laboratory or the equipping of a new building. Snoh trips are 
seldom instituted and authorized for teachers in the ranks to 
be taken at times when the work is in active progress at the 
institution visited. 

In addition to the systematic inquiry into means for de- 
velopment of individual ^ciency, I would recommend a 
similar systematic canvass as to means for development of 
loyalty. Systematic and continuous efiForts must be made 
to make the individual teacher's work inspiring and to get 
each man interested in his work. The sj'Stem of promotion 
must be such as to afford numerous exunples whereby ambi- 
tion may be preserved. Fair play for all and the avoidance 
of sharp practieee in dealing with employees have been recog- 
nized as vital principles in developing loyalty iu the indus- 
tries, and these same principles should prevail in all educa- 
tional organizations. The individual teacher should be en- 
couraged to undertake tasks of public service, to do research 
work, consistent with his teaching duties, and to write papers 
over his own signature. The progressive department head 
will realize that such eneonragement of the individual teacher 
win tend to strengthen his department and add to the prestige 
of the department head. Social recognition, graciously ac- 
corded to the individual teacher by the department head in 
introducing him and his work to visitors on public and semi- 
pnblic occasions, will do much to develop loyalty, 

I believe the foregoing phases of academic efficiency are 
worthy of more attention than has been accorded them in 
the past. 



DiqitizeabyG00»^lc 



144 DHPABTMBNTAL OBQANIZATION AND HPFIOIBNOT. 

In my discuBaion on the results of experience in teaching 
scientific management I dwelt particularly on a single phase 
of our four years' coarse in industrial engineering, namely, 
the class in machine shop time study. We have already gradu- 
ated three classes in oar four years' course, and a brief out- 
line of the claases peculiar to this coarse may he helpful. The 
course is identical with the other engineering courses in the 
freshman and first semester of the sophomore year. In the 
second semester of the sophomore year a lecture and reci- 
tation course is introduced on foundry and pattern shop 
organization and methods. In the junior year classes are in- 
troduced in machine shop organization and methods, a course 
in machine shop time study and English economic history in 
the first semester. In the second semester manufacturing 
accounts and factory economics are taken up as well as Amer- 
ican economic history and l<^ie. In the first semester of the 
senior year, factory economics is continued with especial 
attention to scientific management. Principles of economics, 
labor problems, corporations and finance, and also psychology 
are taken up this semester. In the second semester of the 
senior year a designing room coarse in factory planning is 
taken up, also contracts and specifications, a continuation of 
ccrporationa and finance, also an option as to political parties, 
railroad economics, or money and banking. 

The mathematics, science and language work is identical 
with that in all our other engineering courses, while the 
machine design, heat engineering, electrical engineerii^, and 
experimental engineering may be said to represent about as 
much electrical engineering as is given to mechanical engi- 
neering students and about as much mechanical engineering 
as is given to electrical engineering students. 

Our four years' course in industrial engineering is a de- 
cidedly different training in scientific management from a one 
or two hours' per week class in which an attempt is made to 
combine theory of accounts, contracts and specifications, cost 
accounting and scientific management, using a single text for 
the entire combination. 
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BY WTT.T.TAM KENT, 
Consnltbig Engineer, UouteUii, N. J. 

About tes years ago I was asked by the president and 
general manager of a large maanfaetnrmg corporation to 
advise him how to improve the performance of bis boiler house. 
During the previous winter it was pushed to its utmost to 
deliver enough steam to run the engines and to keep the 
buildings warm, and the next winter, on account of extensions 
to the factory and increased oatput, the demand for steam 
would be still greater. Before beginning my work the presi- 
dent told me something of the history of the company, and of 
how he came to be the general manager. It had grown in 
fifty years from a small concern to a large one, occupying 
several blocks of ground. The business was the manafaetare 
of a variety of shelf hardware. He had for several years been 
a director and the manager of the sales department, and on 
the death of the former factory manager the directors insisted 
on his taking the place, although as he said he knew nothing 
about running a factory. He started in to learn how by 
calling in the best outside expert advice available. He was 
paying $10,000 for a year's services of a highly skilled expert 
in machinery, jigs, and methods of manufacturing, who was 
making a revolution in the shop, which amply justified the 
high price paid for Ms services. This man said he knew noth- 
ing about boilers, and therefore I was called in to tackle the 
boiler problem. Incidentally the president told me that the 
catalogue of the products made by the <:oncem contained 
14,000 items, each of which involved patterns, jigs, templates, 
storage, book-keeping, records and correspondence. Probably 
half of these items were either obsolete or in very small 
demand, and another large fraction were unprofitable to 
handle. Another $10,000 might have been properly spent in 
146 
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making a selection of vfaieh of the 14,000 items should be 
abandoned and in printdng a new catalogue. 

In regard to the boilers, the president told me I conld get 
all information available from two men, the saperintendent of 
the factory and the chief engineer, who were at lo^erheads. 
One had told the president one stoiy about the boilers, and 
the other an opposite story, and he did not know which one to 
believe. He called the snperintendent into the office to tell me 
his story, and, dismissing him, called in the engineer -who told 
me the other story. I then had the engineer take me throi^h 
the whole factory, including the power plant On my return 
to the office I told the president that the engineer had told the 
facta, and that the superintendent had not because he was 
ignorant; he knew nothing about a power plant and never 
would know, for his bump of conceit was too great to permit 
of his Uftming, I reported further that the trouble from lack 
of steam was not the fault of the boilers — there were about 
25 of them, crowding the boiler house to its capacity, and 
there was no available land for an addition to it — ^they were 
making as much steam as they should be called on to make 
with due regard to economy of fuel; but the trouble was 
entirely owing to the great waste of steam throughout the 
factory in winter time. Live steam was used for heating, and 
numerous traps were wasting both steam and hot water. As 
a result of my investigation an exhaust-steam heating ^rstem 
was installed, and that stopped all complaints of the insuffi- 
cient supply of steam. 

This long story about a factory may seem to have nothing 
to do with academic efficiency, but there are several points of 
resemblance between its condition and that of some educa- 
tional establishments. They, like it, are suffering from in- 
efficient management continued through a long period of 
years; they have too many items in their catalogue; heads of 
departments at l<^%erheads; a board of directors who are 
capitalists, but who know nothing of the details of the business 
they are supposed to direct; a president and general manager 
who is well versed in the advertising part of the business, but 



DiqitizeabyG00»^lc 



WmJAH KENT. 147 

knows nothing of the best vraji of prodadnp its prodaot. Tlie 
factory, however, has two points of difference from and advan- 
tages over the collie. (1) The competition of its rivala forces 
it to improve its methods, while tlie collet has no sach 
stimnlns to improrement (2) The manager of the factory re- 
ferred to, knows that he knows nothing abont the beat way of 
running a factory and therefore calls in oatiddfl expert aasist- 
ance, the manager of the college thinks he knows it all, and 
therefore has no need of advice. 

I said some edncational eBtabliahments, not all. There are 
others, and this brings me to another story. It is about a 
university. 

A certain lai^e university more than twenty-five years ago 
had an engineering coU^e that was already suffering from 
dry rot, alUiough it was only about ten years old. It had a 
good location, excellent buildings and equipment, and ample 
funds, yet the college had lost prestige, and the number of 
students was decreasii^. The president of the university 
knew nothing about engineering education, bnt he was wise 
enough not to pretend to know ai^thing about it. He at^ed 
half a dozen or more consnltii^ engineers and ei^ineering 
professors to visit the college and independently to give him 
written reports as to what ought to be done to improve it 
I was one of tiie viaitars. I found that the college was 
divided into two independent departments, one tiieoretical 
and the other practical, each presided over by a professor who 
was responsible only to the president, t spent a morning 
with one of these professors and an afternoon with the other. 
Each told a tale of woe, about the utter worthlessness and 
total depravity of the other man. I advised the dismissal of 
both, and the appointment of a man who was b^ enongh to 
be the head of the whole college. Some months were spent 
by the president of the xmiverdty in getting these reports and 
in interviewing different experts, including men whose names 
had been suggested as qualified for the position. He selected 
the right man, gave him full authority, approved his every 
request, and the trustees gave him everything he asked for in 
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the way of competent awiatanta and additional equipment. 
The theoretical professor resigned, and the practical one grace- 
folly Bnbsided into a minor snbordinate poaition, where ha 
gave no trouble. The college grew with great rapidly. In 
ten years it was in the front rank of the engineering collegea 
of the world, which position it still holds. 

Note the points of similarity between the factory and the 
university aa related in these two stories. Eech was soSer- 
ing from inefficient management, each had a president who 
was ignorant of the details of the bosineBS, but who was 
conacious of his ignorance and was willing to take advice from 
ontaide. In each case the advice was taken, with the best 
poaaible resolts. 

My subject is entitled Academic Efficiency. I use this short 
term merely because it has been used before to mean the 
efficiency of educational methods, and it may be necessary to 
explain that the word "academic" here means relating to an 
academy or educational establishment, and not, as it some- 
times means, "unreal" or "unpractical." The word effi- 
ciency is often used with different meanings. Dr. Eliot, ex- 
president of Harvard University, in his little book on ' ' Educa- 
tion for Efficiency" defines it as "effective power for work 
and service durii^ a healthy and active life," and he says 
"national education will be effective in proportion aa it secures 
in the masses the development of this power and its applica- 
tion in infinitely various forms to the national industries and 
the national service." The engineer uses a more restricted 
and technical definition, the quotient of output divided by 
input, or the relation or ratio of the result achieved to the 
effort in obtaining it. Mr. Harrix^^ton Emerson objects to 
this definition as insufficient in its not including an equitable 
standard of achievement or ontput as one of its factors, and 
defines efficiency as the "relation between an equitable 
standard and an actual achievement," or "the relation be- 
tween what is and what could be." 

Strictly speaking, the engineer's definition is limited to 
cases in which both the input and the output xaa^ be 
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measared in the same unit, or in units that are convertible one 
into the other, such aa foot-pounds and heat-itoitB, bat it ia a 
ecoiTenient definition for many cases in which neither the 
whole output nor the whole input are capable of accurate 
measuremcDt in siniilar terms. For example, 
"We spend or give: We get or gain: 

Input. Output. 

Time, Money or saleable goods, 

Money or raw material. Health, 

Physical labor, Becreation, 

Mental labor. Education, 

Nervous enei^. Satisfaction. 

Health, 
Wear and tear of machinery. 

If we take the engineers' definition expanded in this way 
so as to include in the input every conceivable hind of expendi- 
ture and in the output every conceivable kind of achievement, 
it will apply to every activity of man. The efficiency while 
it cannot be stated in figures, as a percentage, is measured by 
the value of the output in relation to the input or expendi- 
ture. Thus a business man may spend every one of the items 
listed under the head of input, and measured by a money 
standard the result m^ show a high efficiency, but measured 
by a broader standard, in which the result as to health is a 
negative quantity, it is most inefficient. Then if he takes to 
playing golf he may spend time, money and physical labor, 
and gain health: The efficiency by the money standard is zero, 
but by the broader standard, including health, recreation and 
satisfaction, he may consider that the efficiency of the opera- 
tion is 100 per cent. 

A collie spends all the items listed under "input." Its 
efficiency is zero from the money standard, for its business is 
not to make money, and may b^ high or low measured in the 
other items listed under output By Mr. Emerson's defi- 
nition, the relation of an equitable standard to the actual 
achievement, or the relation between what is and what could 
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be, we compare the actual ontpnt is health, recreation, edaca- 
tion and satisfactioD, with what might be realized ouder the 
best possible eonditi(mB of syetem and management. Are the 
resnlts what they ought to be in kind, in quality or in quan- 
tity, and if they are not, what are tbe defects and how can 
they be remedied T 

In the big factory of which the story has been told, the 
product inclnded 14,000 items, many of which should have 
been abandoned, and much of the inefficiency was due to the 
factory's making products that should not have been made. 
When an efficiency expert begins his operations in a factory 
his first questions are : "What kind of product is made ! Why 
is it made T Why not abandon it if it is not profitable T The 
same questions might be ashed of a college. The next set of 
questions covers the quality. Is the quality too highly refined 
and too costly, so that its market is limitedT Is it too coiomon 
and cheap, so that it has to be brought into competition with 
the poorest goods on the market T Is it out of date and un- 
fashionable T Is the qnality what it ought to be, and if not 
what are the reasons, and how can it be improved t Surely 
these questions may be asked of a college, and it is the gen- 
eral belief that the answers would not be complimentary to 
the college. There are serious defects in the quality of the 
college product. 

Next come questions as to quantity. Is the factory turning 
out too much of one kind of goods, so that the market is 
glutted and the price too lowf Is it turning out too little, so 
that it is not doing as much business as it might do T Is it 
turning out too mnch of one kind and not enough of another; 
and if so, what changes should be made so as to establish a 
proper balance 1 Is the college overcrowding the professions 
with men who are not needed in themt Is it failing to supply 
the demand for the kind of men who are needed t The com- 
mon opinion is that both of th^e questions must be answered 
in the affirmative. The last report of the Carnegie Founda- 
tion for the Advancement of Teaching says, "In almost every 
state of the Union there are more colleges in name than the 
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eoimtr7 needs or can afford. They have been started without 
much regard to the nltimate educational demands — ^weak and 
often superfluous collies. In many cases their exiatence 
makes impossible that of good high schools which would far 
better serve the educational interests of the community." 

After th^e questions of kind, quality, and quantity of 
product are considered, then comes the question of cost per 
unit of product and of possible methods of reducing that cost. 
In the factory the solution of these questions is one of great 
difficulty and ccnnplexity. It includes the items of location, 
buildings, machinery, system of organization, funotional fore- 
manship, statistics, accounting, planning of work, rooting it 
through the shop, methods of payment of wages, keeping 
high-priced men only on high-priced work and finally time- 
study resolved into its elements, that is motion-study. I 
quote from Frank B. Gilbreth's new book on Motion Study: 

' ' There is do naste of xaj kind in the irorld th&t equals tlie waste 
from needlasa, iU-direct«d, and ineffeetiTe motions, . . . Tremendons 
BsvingB Are possible in the work of ereiybody — thej are not for one 
daas, thej ore not for Qie trades onlj; 0107 are for the officers, the 
schools, Uie coUeges, the stores, the household, and the farms. ... It 
is obvious that these improvements must and will come in time. But 
there is inestimable loss in ever/ hour of delay. The waste of energy 
of the workers in the industries todaj is pitifuL ... In the meantime, 
while we are waiting for the politicians and educators to realize the im- 
portanee of tiiis subject and to create the bureaus and societies to under- 
take and complete the work, we need not be idle. There is work in 
abundance to be done. Motion study must be applied to all tiie indus- 
tries. Oar trade schools and engineering colleges can : 

" 1. Observe the best work of tlie best workers. 

"2. Photograph the methods used. 

"3. Becord the methods used. 

"i. Becord outputs. 

"5. Becord costo. 

"6. Deduce laws. 

"7. Establish laboratorieB 'for trying out laws,' 

"8. Embody laws In instructions. 

"ft. Publish bulletins. 

"10. Cooperate to ^lead resolta and to train the rising geneiation." 
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Mr, Gilbreth refers to motion-study of the indostries that ore 
prodnoiDg material wealth, but his words may be applied to 
the industry of educatiiig men and women, that is to the 
schools and coU^ee. 

The methods of reducing the cost per unit of product in 
industrial concerns have now been reduced to a science by the 
manseemeut experts, Taylor, Gantt, Emersou, Farkhnrst and 
others. In educational circles, only the merest beginning has 
been made. Bulletin No. S of the Carnegie Foundation t(a 
the Advancement of Teaching, a quarto pamphlet of 134 
pages, entitled "Academic and Industrial EfBciency," con- 
tains a report by Morris Llewellyn Cooke of the investigation 
of the department of physics of eight different colleges or 
universities. Mr. Cooke has had several years' experience as 
expert on management of industrial works, and is now Di- 
rector of Public Works of the city of Philadelphia. His 
report is only a preliminary one, and covers little more than 
a statistical investigation of the cost of instruction in physics 
per student-hour, and some observations on methods of ad- 
ministration, and on the economical use of buildings and of 
the time of the professors and instructors, in all of which he 
found great differences. The total cost of physics per student- 
hour at Harvard was $1.08 and at Wisconsin $0.60. Of these 
totals the interest on plant and equipment and administrative 
expense account is $0.53 at Harvard, and $0.18 at Wisconsin. 
There are differences in the colleges which are far more im- 
portant, however, than those that can be expressed in dollars 
wid cents. For example, Mr. Cooke found one in which the 
professors showed the heartiest interest in the progress of each 
individual student, and another in which "every time the 
students were mentioned, there were evidences that the teach- 
ers had in mind the students' scholarly inferiority and way- 
wardness." 

The cost per student-hour for any subject may be obtained 
as in Mr. Cooke's investigation. It will be a far larger task 
to determine the efficiency of the student*houF — that is what 
return in valuable education the student gets for the expendi- 
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tare of the thousands of student-hours that he spends in col- 
lie. We have as 7et no standards of measorement b^ which 
educational efSciency can be satisfactorily measured, but it 
cannot be doubted that some Asy such standards will be found, 
when well qualified experts are employed to find them. For 
a method of obtaining such a standard in English oompositicm, 
see the writer's paper in Proceedings of the Society for the 
Promction of Engineering Education in 1907 on "An Experi- 
ment in Teaching English to Freshmen in a University." 

EfBciency, according to the engineers' definition, is the rela- 
tion of output to input, or the relation of the result to the 
effort and cost expended in achieving it. From the college 
student's (itandpoint, the input is four years of time and say 
$2,000 to $4,000 in money. The output is what he receives 
for that amount of time and money. Let us put what he re- 
ceives in tabular form under two heads, life and study. 

Aeqnftiiitaiiea. 
CompanionBldp. 
Tnteitaiy. 
SoeUl AetiTit7. 
Athletics. 
Beftding. 
Leisure. 
Tmvel 
, Uona Uplift 

How many hours out of the 24 in a day are student-hours, 
and how many are devoted to so-called college life! la his 
time properly divided between the. activities of life and studyf 
Of the student-hours is there the proper balance between the 
cultural and the other branches T How and by whom is this 
balance determined T Which of the courses are prescribed and 
which are elective, and whyf What text-books are used, and 
wbyf Are particular courses taught by the text-booh and 
recitation method, by the lecture and note-book method, by the 
problem method, or by the laboratory method T Is each 
teacher free to use bis own method or is the method deter- 
mined by a department head or conunittee or by other 



\ Diseiplinarj. 

[ Infomi&tioiwl. 
Fotmdations of 
BcienM and Art. 
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antboritrt Wliat experimental pedagogical work has been 
done to discover the relative efficiency of different methodgT 
What are the results of such experiments t Have they been 
reduced to statistical form and published T What is the ad- 
ministration doing to improve educational cfficieneyT Is there 
any method employed to measnre the relative efficiency of 
different teachers, or of the same teacher in different years or 
when using different methods t How are the tenures of office, 
promotion, salary, etc., detenniuedt How are poor teachers 
got rid of or transferred to other pomtions in which they may 
be more efficient t What is the oisanization of the college, 
and what are the efficiencies of the board of trustees, the presi- 
dent, and the heads of departments! If an investigator like 
Mr. Cooke, or preferably a eommission of investigators, were 
to report to the Carnegie Foundation answers to these ques- 
tions after a year's examination of a dozen or more Institu- 
tioDS of learning, it is safe to say that an appalling lack of 
efficiency would be disclosed. The commission would find 
every grade of goodness and of badness in the teaching staff, 
teachers generally overworked, underpaid and dissatisfied and 
on the lookout for positions elsewhere. It would find self- 
perpetuating boards of trustees responsible to nobody, indi- 
vidual trustees chosen not for any educational qualification, 
but solely because they are men of wealth and infiuence; 
presidents chosen through personal or political favoritism, 
whose ideas of education are those of the middle ages, and 
whose methods of government are those of the tyrant. It 
wonld find the conditions mentioned by President Benton, of 
the University of Vermont, in his inangural address, 1911, 
namely, the election of new members of the faculty dependent 
entirely on the dictum of the preradent, "the administrative 
office a veritable cesspool where unpleasant experiences are 
deposited," "a coterie of professors painfully sycophantic in 
the presence of their 'lord and master' and bitterly denun- 
ciatory of him when left to themselves," "reprehensible 
hypocrisy by those who teach," etc. President Benton seems 
to be unaware of the fact that the Efyoophancy and hypocrisy 
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which he thoa bewails are the inevitable results of government 
by an ignorant despot, and that they e&n be done away with 
only by a radical change in the system of government I do 
not wish to be understood as believing that the conditions 
thos described are oniversal. There are many institations in 
which there is no antooratio government, and in which the 
government approaches in some respect to democratic ideals, 
where free speech is possible, where merit is recognized and 
rewarded, and where the teaching methods are constantly 
being improved. Here and there we find evidences of at- 
tempts to find the best methods, and of new experiments in 
education whose results are very promising, for example, Pro- 
fessor Franklin's improvement at Lehigh in the method of 
teaching laboratory physics ; the examination of the English 
teaching in different technical schoids by Professor Earle, of 
Tufts College; the introdaction of the preceptorial system at 
Princeton; Professor Schneider's cooperative system in Gin- 
ciimati; the university extension work at Wisconsin; the in- 
vestigation by a committee of the Society of American Bac- 
teriologists of the teaching of microbiology ; and Dr. Bimiely's 
experimental preparatory school at Interlaken, Ind. 

Mr. Harrington Emerson has written a book entitied "The 
Twelve Principles of Efficiency." He wrote it with especial 
reference to the efficiency of manufaetnring establishments, 
but the principles may be applied to edncational institutions. 
They are the following : (1) Clearly defined ideals. (2) Com- 
mon sense. (3) Competent counsel. (4) Distapline. (6) The 
fair deal. (6) Beliable, immediate and exact records. (7) 
Despatching. (8) Standards and schednles. (9) Standard- 
ized conditions. (10) Standardized operations. (11) Writ- 
ten standard practice instructions. (12) Efficiency reward. 
The investigating committee might use this list of twelve prin- 
ciples of efficiency in its examination of the colleges and find 
to what extent they are in operation. 

Suppose that the Carnegie Foundation were to have an in- 
vestigation made such as is here snggested, what good would 
it dot The same good that Mr. Cooke's investigation of the 
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cost of the Btndent-hour did, and something more. It would 
call public attention to the sabject, and might lead some oni- 
versities to reform some of their methods. It would reveal 
how bad things are, which is the first step toward reform. 
The report would be denounced as Mr. Cooke's has been, by 
college presidents and by editorial writers of conservative 
ways of thinking, as utterly subversive of all the ancient edu* 
eational ideals, and involving "a gross and fundamental 
error. ' ' But it would set men thinking. It would show them 
that some universities and coll^^ and some educational 
methods are better than others, and give the public some 
knowledge which would liable th^n to select the best colleges, 
and some educators of a progressiTe turn of mind the infor- 
mation they are looking for in regard to methods. 

The best posuble result of such a report, however, might be 
that it might induce some multi-millionaire to think that he 
bad a duty to perform in helping to improve the efBdency of 
educational methods, by contributing the funds that would 
be required to carry on an educational experiment similar in 
esi^nt to the experiments carried on by Mr. F. W. Taylor in 
the Midvale and Bethlehem Steel Works. It required more 
than twenty years of labor and the expenditure of some hnn- 
dreds of thousands of dollars to carry on his experiments on 
tool steel, which have revolutionized machine-shop practice, 
and on scientific management, which bids fair to cause a far 
more important revolution in all our industrial systems. Mr. 
Taylor's system of management cannot be adopted without 
many modifications by an educational institution, but his 
system of experimentation can be. It 1b simply the careful 
collection of all the facts by an expert, their study by mathe- 
matical methods, the making of experiments to get more facts, 
their farther study, and careful reasonii^ to arrive at cor- 
rect conclusions. It takes years of time, thousands of dollars 
of money, and can only be undertaken, with any probability 
of reaching valuable results, by a scientific expert who is en* 
tirely unhampered by old teaditions. The motto of the con- 
servative is ' ' whatever is, is right, ' ' that of the scientific expert 
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IB, " whatever is, is apt to be wrong; I am going to test it and 
find out whether it is right or wrong." 

Here is the outline of an educational experiment to take 
ten jrears of time and coat half a million of dollars — ^lesa money 
by the way than one Becond-class nniversiiy has spent on its 
equipment for athletics within a few years, and less than has 
been paid by some millionaires for a couple of paintings. 

Appoint a commission of five well edncated men who are 
not connected with any educational institution, say a minister, 
a doctor, a farmer, a merchant and an engineer, to secure a 
wide diversity in points of view. Pay them $5,000 a year 
each for the first year, and a smaller anm in succeeding years, 
when their time will not be fully occupied, and provide them 
with an office, stenographer and clerk, and funds for traveling 
expenses. Let them spend a preliminary year in invest^ting 
actual educational conditions in this country, collectdng facts, 
statistics and expert opinions, on which they should prepare a 
report. They should also report their opinion on what should 
be the course of education of a boy between the ages of 14 and 
16, if be intends to go to work in the mechanical trades or 
in commerce at the age of 16, also what should be the course 
from 14 to 18 (1) if he intends to go to work at 18, (2) if he 
intends to enter a general college, (3) if he intends to enter 
a technical school. The -second year the experiment is to be 
begun. Select a hundred boys who are ready to enter h^h 
school, of the majority of whom there is a reasonable prob- 
ability that they will, if they prove fitted for it at 18, take a 
collie course. Bent a preparatory school, or a portion of 
one, and have the boys taught, by selected teachers, in the 
courses laid down by the commission. Provide enough tutors 
or preceptors to insure that the education of the boys is 
properly supervised and that their time is not wasted. Con- 
tinue their high school education, for as many of them as 
stay in school, for four years. During all their time the com- 
missioners are to be studying methods of teaching, and 
methods of measuring the efScieney of teaching, preparing 
practical standards of examination, not merely to test the 
11 
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memoiy of the scholars, as in ordinary examinations, bat to 
test their mental and tx>dily powers. Find out not only what 
the boys know, as a mere act of memory, but what and how 
they think, and what they can actually do. Test not only the 
hundred bojrg, or as many of them as remain, but also boys in 
other high schools, by the same standards or by other stand- 
ards that may be propoeed by the high school teachers. Cul- 
tivate the same spirit of emulation for success in scholarship 
that now exists for success in the athletic field, but give them 
also enough athletics and other recreation to develop their 
bodies as well as their minds. Train them also in l^giene, in 
morals and in manners, to make them not only scholars but 
gentlemen. 

During these four years the commissioners are also studying 
college administration, courses, methods of teaching, and effi- 
ciency, and determining standards of measurement of effi- 
ciency. When the boys are through their preparatory course 
of four years, send them to such colleges as have been selected 
for them, have them tf^e the courses for which Hiey are fitted, 
provide tutors for them, and watch their progress through 
the college, testing them by predetermined standards in com- 
parison with other college students. At the end of the four- 
year college courses, the commission is to report on the whole 
eight years' experiment. It will be found that many mis- 
takes have been made, but probably not so many as would be 
made in an ordinary eight-year course of high school and 
college. The success of the experiment is not to be judged 
by the success of these selected boys, but by the value of the 
information obtained and reported on by the commissionera 
as to the various methods of teaching and of college adminis- 
tration and by the acquirement of standards by which aca- 
demic efficiency may be measured in the future. 

During the whole of the e^ht years' experiment the boys 
should be required to keep a diary in which they record what 
seem to be the most important items concerning their educa- 
tion, and they should once a year present to the commissionera 
a written report of their progress, keeping a copy for their 
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ovn fatnre nse. Four years after they have graduated from 
college, when their miods are sufficiently mature, they should 
be asked to write critical reports of their educational career 
as it then appears to them. A study of these reports by the 
commission, which should be continued in existence for that 
purpose, would no doubt furnish fruitful ideas for further 
educational progress. 

Cecil Rhodes did a noble work in establishing the fonnds- 
tion of the Bhodes Scholarship in Oxford. Andrew Carnegie 
has done a grand work in establishing the Cam^e Institute 
for Scientific Research and for the Advancement of Teaching. 
Equally grand will be the work of him who shall establish a 
foundation for the application of the methods of scientific 
management to the improvement of academic efficiency. 

This proposed plan is merely a suggestion. There may be a 
better plan, but whatever it may be it wUI take years of hard 
work and a large sum of money to accomplish the desired 
results. It might be undertaken by the Carnegie Foundation 
for the Advancement of Teaching, by the Russell Sage 
Foundation, or by the government, but the funds of these 
foundations are probably already fully employed, and judg- 
ing by the past non-activity of the government in educational 
matters it might take twenty years of agitation before Con- 
gress could be induced to make the necessary appropriation. 
The government has a department of agriculture which is 
maMi^ experiments for the farmer, to enable him to grow 
larger and better crops, a bureau of forestry which is trying 
to conserve our forests, a bureau of mines which is experi- 
menting on improvii:^ the methods of mining and on the 
prevention of accidents. It has also a bureau of education, 
which publishes statistics of schools and colleges and some 
interesting papers on educational subjects, but which has 
never investigated academic efficiency or carried on an edu- 
cational experiment. All educational reforms in this country 
have been originated by individnal philanthropists or by indi- 
vidual universities. They do not come about by normal 
process of evolution in the educational world or by govem- 
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mental actaon, with perhaps a Bingle exception, the Morrill 
Land Grant Act of 1862, jnst fifty yean ago. We therefore 
most look for a millionaire philanthropiat to begin the great 
educational experiment which will lead to improving the 
methods of training our future citizens. 

Oar modem educational literature, addresaes of college 
presidents and school superintendents, prooeedinga of socie- 
ties, etc., all show the prevailing eonsensus of opinion that 
there is something 8eriougl7 wrong with our whole educational 
system, and that instead of getting better it is constantly 
tending to grow worse. There exists also a great amount of 
ultra-conservatism and of mental inertia relatii^ to the sub- 
ject It is high time that something practical be done in the 
way of reform. 
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OPERATING ENGINEERING SCHOOLS UNDER 
SCIENTIFIC MANAGEMENT. 

BY H. -WADE EIBBABB, 
Profemr of Medutnjcsl Engineerisg, TIiiiv«ndt7 of Uinouri. 

Privileged by an assignment from Chairman Gilbreth of 
this meeting on academic efficiency to present an opinion upon 
operating engineering schools under scientific management, 
the writer will attempt to anggest an analysis such as might 
be made by an efficiency engineer employed to investigate an 
indnstrial business. 

A teacherwho has had any experience in the improvement of 
indnatrial efficiency must be keenly conscious of the special 
difficulties of this problem. The mere statement that the raw 
material is an unstandardized boy and the product is an 
improved man even less standardized, instead of pig iron and 
a turret lathe, should hint at one nnsurmountable difficulty. 
Mr, Pritchett's introduction to Engineer Coote's report to 
the Carnegie Foundation for tlie Advancement of Teaching 
recognizes that "scholarly and spiritual leadership is the 
highest quality of college efficiency and the one most neces- 
sary to attain." The total absence as yet of any unit for 
measuring the efficiency of men engaged in teaching and 
research increases the difficulty. The writer, in a recent dis- 
cussion with President Hill, of the University of Missouri, 
must agree with him that "the best way to be conceived for 
killing the entire spirit of research would be to attempt to 
estimate a man's value in terms of the quantity of his output. 
It would tend to make still more mechanical the work of men 
who ought not to be mechanical at all, for teaching and 
research are matters that cannot be reduced to mechanism." 

Scientific management of shops finds a large field in trans- 
ferring to the more intelligent managers most of the brain 
161 



>vGoo»^lc 



1-62 SCHOOLS UNDBB SOIENTtFIO UA2TAOBMENT. 

work which was but indifferently performed by the far less 
mentally capable individnal operatives. The college differ- 
ence is obvious. 

To enomerate all the differences is a function of the destruc- 
tive critic, the doubter and the peBsimist. The constructive 
mind, overlooking none of the difficulties, but giving careful 
consideration to all, would better attempt to discover the many 
applications of the principles of scientific management to 
engineering school& To the efficiency engineer, introducing 
scientific management in the industries, nothing is more com- 
mon than to hear an owner say that his plant stands alone for 
its problems, or that a department presents peculiar diffi- 
culties which must exempt it from the proposed line of 
Improvements. 

Hopeful indications are that engineering teachers to a man 
are desirous of adopting those innovations which probably 
will be improvements; that some of the most surprising results 
of scientific management have appeared in the very offices of 
the managers ; that everywhere the industries are recognizing 
the necessity of bringing the human side of production up to 
the high degree of excellence already attained by the machin- 
ery side; that the preceding has its counterpart in the new 
courses given to engineering students upon the principles of 
man-management or scientific discipline ; and that the indus- 
trial world is coming more and more to feel that all work is 
done under certain broad principles, whose application to one 
industry is very little different from the application to any 
other. 

Colleges are not dreading change, but the strife by which 
some seek to bring it about College professors may well 
scrutinize changes advocated by business men, lest they be 
without sufficient respect for the verdict of time. Ordinary 
business thinks in short cycles, without much regard to what 
follows; a university is not a weather vane, but stands for 
what has proved wise progress through the years. Engineer- 
ing professors have always sought to profit by suggestions 
from the outside world, are most frequently recruited from 
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that world, often return to it for a gmnmer or longer, and 
believe heartily that only good can come to an organization 
when a friendly hand tarns the public's searchlight upon its 
resonrces, aims and methods. That the hand is non-academic 
is well, for in every line of work the outsider may see con- 
spicnoTisly the wastes to which slow growth or long custom 
have blinded the eyes of the insider. 

Management is the science and art of accomplishing a given 
end with economy of means. A science is a systematic and 
orderly arrai^^ement of special knowledge ; an art is the actoiU 
performance of something. The art is the doing; the science 
la the knowing why and how. If "man's greatest study is the 
study of man," then the education of an ei^^eering student 
is subject matter for the application of management of the 
highest type. 

The philosophy of management is having as many deflni- 
tions today as the term philosophy itself. Though philosophy 
is the most ancient of sciences, yet Webster gives it at least 
twelve definitions. It reminds one of the many definitions (^ 
the second law of thermodynamics. Taylor, who for thirty 
years has been led by the scientific spirit of inquiry to investi- 
gate management of men, calls scientific management a cer- 
tain combination of elements which have existed in the past, 
namely, old knowledge so eoUeeted, analyzed, gronped, and 
classified into laws and rules that it constitutes a science, 
accompanied by a complete change in the mental attitude of 
the working-man as well as of the manager, toward each other, 
and toward their respective duties and responsibilities ; also a 
new division of the duties between the two sides, and intimate, 
friendly cooperation to an extent that is impossible under the 
philosophy of the old management. The managers assume the 
burden of gatherii^ all the traditional knowle^e which in the 
past has been possessed by the workmen, and then of classi* 
fying, tabulating and reducing this knowle^e to rules, laws 
and formulas. 

Taylor further summarizes this whole combination as 
follomi: 
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1. Science, not role of thumb, 

2. Harmony, not discord. 

3. Gooper&tioi), not individnaliBm, 

4. Mazimam ontpnt, in place of reatrieted ontpnt. 

5. The development of each man to his greatest efflciency 
and prosperity. 

The efficiency engineer has two lines of work, the analytical 
and the synthetic or creative. The first famishes reliable and 
intimate knowledge of affairs aa they are. It is always a 
delight to see the appearance of hidden matters as the result 
of minute ftnalysis. Nothing is too small or too broad for 
investigation, the microscope or the telescope being used as 
needed. 

The second line, based apon the first, creates the improve- 
ments. Some of the creative may accompany the analysis 
from the first, but the far-reaching improvements obviously 
come later. 

A quotation from C. B. Ooing may conduce to a better 
appreciation of the service of the efBciency expert to the 
school of engineering. Going says, "He deals with ma- 
chinery; but not 80 much with its des^n^, construction or 
abstract economy, as with selection, arrangement, installa- 
tion, operation and maintenance, and the influence which each 
of these points or all together may exert upon the total cost 
of the output." 

"He deals with materials; but not so much with their 
mechanical and physical constants, which are strictly tech- 
nical considerations, as with their proper selection, their 
standardization, custody, transportation and manipulation." 

"He deals very largely with methods; but the methods with 
which he is particularly concerned are methods of performing 
work, of securing high efficiency in machinery and men, of 
handling materials and cost per unit handled, of keeping 
track of work-in-progress and graphing the situation so that 
the manager may have an instant controlling view of all, of 
recording times and costs so that the efficiency of the per- 
formance may be compared with predetermined standards, of 
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detecting causes of low efficieac7 or poor economy and apply- 
ing the necessary remedies." 

"He deals with mam^em«Dt, that is, with the exeeatlTe 
direction of the whole organization." 

"He deals with men themselves and with those psycholog- 
ical influences which concern their thoughts, purposes and 
emotions, and stimulate their ambition, enlist their coopera- 
tion and insure their most effective work." 

"He deals with markets, with the economic laws affecting 
them and the mode of creating, enlarging and controlling 
them," 

It may be suggested that the following phases of scientiflo 
management are applicable to the operation of an engineering 
school. This paper is not offered as the final solution, hut as 
a modest feeling towards the possible end. It is in part based 
upon OUT two yeara of experience in teaching scientific shop 
management to senior mechanicals at the University of 
Missouri, upon which a paper was read to this Society one 
year ago. 

Scientific management requires: 

L A complete analysis and criticism of the organization, 
with graphic representation, showing lines of responsibility, 
with extent and limitations of duties. 

II. Analysis of the financial administration. 

III. Analysis of the equipment, including buildings. 

IV. Every act of man and machine to be investigated, and 
by minute scientific analysis its elements determined and its 
laws found. 

- Y, Decifflon as to how each act can best be done, together 
with the 

VI. Selection of men fitted to do the work, 

VII. Training of men so selected to do the work in the way 
determined to be the best, each man being developed to his 
greatest efficiency and prosperity. 

VIII. By adequate supervision and proper incentive, ensure 
that the men practice the best methods aU the time, securing 
and continuing un ftTiTnT iTu output. 
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IX. Team-work, without hampering a wue indiTidoalism. 

X. Cooperation between managers and men. 

XI. Building np of an advisory catdnet or staff, if the 
Emerson idea seems preferable and the old line officers are 
retained ; or organizing functional f oremamibip, if the Tarlor 
idea seems preferable. 

XII. Delimiting the respective duties of ofBeers and cabinet, 
or manager and functional foremen. 

The above work seems vast and is vast. In the introduction 
of scientific management at a New England paper mill, 1,500 
time studies were taken in the first three months and there 
were 18,000 time studies in one schedule report. A great 
national corporation having 22 plants and 300 miles of rail- 
way approached an efficiency ei^lneer with a proposition to 
undertake the introduction of scientific management to be 
completed in fifteen years. 

Bnt in the engineering school as in the indostrial plant, 
improvement ought to become apparent early in the applica- 
tion of a part of the above twelve requirements. In the 
paper mill, though six months were q>ent in the time study 
of the calender department, within three days the effldeney 
of the calendar machines was raised from 64 per cent, to 
72 per cent. Emerson wants to show savings very soon after 
starting work in a plant. Shop efficiency can be raised from 
60 per cent, to 90 per cent, without any personal incentive 
sach as bonus payments, simply by makii^ things "right" in 
standard or ideal materials, equipment and methods. Emer- 
son outlines a dozen principles of efficiency, and only one is 
efficiency reward. If organized labor objects to the bonus 
system, an efficiency engineer may attain almost his entire 
improvement without introducing the reward. In the engi- 
neering school, only so much or BO littie,andat different speeds, 
of the above twelve requirements may be introduced as is 
deemed advisable. 

How may the twelve requirements of this paper be applied 
to the university t 
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I. In making the analysis and criticiflm of the ot^anizatioitt 
beware of advocating a panacea or specific for all ills. Frin- 
cipleB and ideals must constantly be kept prominent, while 
"systems" mnst vary with the conditions. 

The form of organization of nniversitieB appears to be what 
is known to the efficiency engineer as "line" or anfnnctional- 
ized control, whether it be one-man power or committee power, 
and with many combinationH. Sometimes the centralized 
control is on paper only, each different college and even a 
large department as physics being autonomous in control of 
its affairs, buildings, discipline, work of its faculty and 
curriculum. 

The one-man power burdens the man with too many func- 
tions; conunittee control means compromises, and they leave 
business in such shape that it mnst be thrashed over again and 
often reversed ; and departmental autonomy prevents solidar- 
ity of the nniversit? and cooperation between departments 
and allows abuses to continue. 

To quote from Cooke. ' ' The first great object of o^aniza- 
tion is to make each individual count for his maximum. Hence 
he must do those things for which he is best suited. Almost 
invariably under committee management is seen the. spectacle 
of several men, experts in their own specialties, aU simnlta- 
neously wasting precious time in deciding questions outside 
their own field, which could be better and far more quickly 
decided by a single expert, whose time may be worth less than 
that of any one of the committeemen. Modem industrial 
management seeks to relieve the head men of all possible 
routine, such as is the bulk of committee work, and so enables 
them to give their entire time to progress. At the same time, 
these heads are kept constantly informed, through carefally 
prepared and summarized ' exception ' reports, as to all unusual 
matters of vital import. 

"One-man and committee management should be replaced 
by functional or staff management, where the effort is made 
constantly to have each man perform those functions which 
he is best fitted to perform, and to prohibit him from inter- 
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fering in tlie performance of those ftmctions about which he 
is not specially qualified to give an opinion. A man is thereby 
safegnarded in the performance of the highest kind of work 
he is competent to perform." 

Sorting with the board of trustees, it should determine the 
broad and general policies for the university, and leave the 
president alone in his executive function. "The world's 
experience has demonstrated the utter impracticability of 
doing ^ecutive work under tlie management of more than one 
num. Even in a partnership, one man will have absolute 
chaise of production and another of finsnces and sales. 

"Applied to the college, the work wonld be divided into 25 
or 50 functions, in each of which some one person will be 
supreme, under the determined standards controlling him. 
This is quite different from 50 postiions, the occupant of 
each having many functions to perform." The gucceasfol 
teacher or administrator will become known and hence valued, 
because his ability is as functionalized and definite as that 
of the research worker. A professor will gladly be relieved 
when a central agency or functioner is found to do certain 
work better than he. If a man feels weak in one function 
which he has to perform because of overlapping of duties, he 
can secure help from a speciaUst in that function. A profes- 
sor will conunonly be directed by several functional guides, 
but he in turn will not be upset by those who are ahnost ignor- 
ant of his work or duties. 

I have listed 209 different activities of a professor. The 
high-priced presidents of great corporations would not dream 
of attempting to perform such a variety of functions. For 
present purposes, only 84 of these will be mentioned. The 
time available for the preparation of this paper has not per- 
mitted a careful analysis and grouping, consequently it is not 
Qiade clear which duties are sufficiently related to be grouped 
under one functioner. 

A professor's activities cover: 

TeacMng in Becitation 

Leetnie Laboiatoiy 
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Drafting 

Compatation 

Fi«ld woik 

8«miiiBr7 
ExamiuatlonB on hia own work 
Qau diaeipUne 
Friwdghip with itndenta 
Breadtli of enltnre 

for professor, and 

ita eneonragement for stndent 



for proftwor 

for atndflnta 
Hatbods of itndent atady 
Btndent engineering aoeietj 
luapectioD tonra 
Foreign leetureTa 
SomnieT positions 
Oradoate positiona 



Aim 



i liat 



Bmploymmit bureau for alumni 
Begistiation 
Issuing stores 
lasoing apparatna 
Laboratory depoaita 
Control of atndent aetivitisB 
Citj moral eleanlinets 
Kew apparatna 
Needs 

Hsrketa 

Inatallatiou 
Begolar snppliea 
Bepoirs 
Bepair shop 
InventoTT' 
Deterioration 

Ont-of - datenea 
New library books 
Use of library- 
Catalog library 
High school 



Cnrrieiila 
Eng^eering eurrieala 



and progreM 
Other engineering aeboola 
Belationa with the profession 
College eatalog 

College and department eireolars 
Engineering experiment station 
Engineering bnlletina 
Univeraity extension 
by earreepondenee 
by eenten 
Snnuner sehool 

Advertiaing and public sentiment 
Stadent grade* 
Grading methoda 
Eleetives for engineera 
Sehedoles for classes 
Use of rooms 
Ughting plajks 
Snperriiion of te^eUng 
Impn>T«ment of teaeliers 
Employment of new teachers 

Acquaintance with foieigB 
teachers 
Pedagogical progrees 
Woik in engineering profeaalonal 

soeietiee 
Work in thia Soeiety 
Writing 
Problems of 
Bnildingf 
Gronnda 
Janitors 
Power hooM management 
Problema of 
Heating 

Lighting | 

Water lerrlce 
Rre 

Prevention 
Extinguishment 
Bookkeeping 
Appropriationa 
Personal typewriting 
Hektographing 
Lantern operation 
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Tbe above are too many duties to make it probable that com- 
plete funetioning can be applied. In a email industrial plant, 
one man may be given four fairly related functions — as a 
mazimam. Such a man sharply defines his duties in each 
function, and be works for the time being as that one func- 
tional foreman. Then later on he works as another functional 
foreman. Much of the above professor's work can be grouped 
and functional men used. What cannot, might be left intact, 
and as expert staff assembled to guide it. Such changes 
should be slow, organizing first those functional activities 
which can be well done. It is generally best not to compel 
everybody to use a given functional agency when it is first 
started. "A purchasing agent, on assuming his duties, will 
find his time fully occupied in buying for those who are 
anxious to utilize his services. It is of importance that those 
who first come in contact shall be impressed with the efficiency 
and genuine helpfulness. ' ' Though professors are more intel- 
ligent than workmen and gang bosses, yet human nature is 
much the same everywhere. 

II, Analysis of the financial administration. 

The several collies in a university, and the several teaching 
• or research departments in the colleges, correspond to the 
several plants and manufacturing departments of a corpora- 
tion. To each coUege and department should be charged its 
direct expense and share of "burden," "overhead" or gen- 
eral expense. The sum of these charges should cover the 
entire expenditures of the university. In this way only is it 
possible to know how costly is a college or department, in 
comparison with the work which It is doing. There is here 
not the least intimation that a very costly small department 
should be the one first discontinued. There may be many and 
overwhelming reasons why it should be retained. But it is 
right that the trustees should know the facts, and then act 
without ignorance. 

The above carries the idea, of conrse, that when an annual 
appropriation is made to a department, based upon a pre- 
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vioualy prepared budget, every payment aathorized by the 
department should be paid oat of the department's fond. 
This pata emphasis for economical buying upon the teachers 
9f the department. 
Conversely, every department must be credited with its 



Not a dollar should be spent withont its passing through the 
university treasurer. 

There should be printed and full and minute publicity 
given to all receipts and expenditures. 

Careful distinction should be had between repairs and re- 
placements versus new equipment. 

The accounting department has three functions: auditing 
ezpenditnres and vouchers, the up-to-the-day state of the 
business, costs as related to the moat practicable and illumi- 
nating units. Where there is doubt as to the conditions or 
reasons for affairs, then accounting subdivides the financial 
data into the smallest units, for minute study, groupii^ as ' 
needed. 

The results for study are put into graphical form for easy 
comparison, and into curves to show progress or retrogression. 
A graphical picture of statistics appeals simply and effectively 
to the eye, and thus carries its meaning instantly to the mind. 

The eye is readier than the mind to read and compare dif- 
ferences in size or shape or slant. Golumns of ^nres do not 
show differences so emphatically. 

An official with many duties must economize his time by 
the use of graphical reports. 

The higher the official, the more should his work lie in 
determining policies, leaving details and routine for bis well- 
ehosen subordinates to do. Curves show him tendencies and 
desirabilities, and enable him to choose policies. 

Statistics, if plotted into curves, very early indicate tend- 
encies. If these are objectionable, they can be corrected long 
before they would have become noticeable in columns of 
figures. 

Everything has a cause. Often the cause is well hidden. 
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Until recent yean, the cause was unknown of yellow and 
chagreB fevers. The Panama canal is being built, not by engi- 
aeers, but by the investigators of infected mosquitoes. The 
writer respectfully wonders why Mr. Cooke did not turn this 
graphics light upon the causes of statistics so faithfully 
gathered for his report to the Carnegie Foundation lor the 
Advancement of Teaching. 

Changes, improvements, extensions and added facilities 
show their relative values by their several inclinations in the 
curves affected. 

Plotted information tends to prevent erratic expenditures 
and to insure steady improvement. 

For the purchasing agent, the plotting of manufacturers' 
price lists often reveals irregularities. These are due some* 
times to erratic loading of "barden," or to errors in cost 
keeping, or to local difSculties in workmanship when sizes pass 
a critical point. Such knowledge of price lists puta the pur- 
chasing agent in a more commanding position, from several 
points of view. He may even change an order, after of course 
consulting with the department issuing the requisition, for a 
size or make fully acceptable to the department. 

Diagrams often catch the amall things which ran np the 
cost to departments, they prevent slackness and waste, and 
have been known even to catch theft. 

Much use has been made of curves plotted with years as 
abscissEB, to prophesy the future and determine thus the finan- 
cial requirements. Three years ago the New York Central 
Lines saved the expenditure of an already appropriated two 
million dollars by such a graphical prophesy. 

When two curves of cause and effect are to be plotted, if the 
respective magnitudes of the units are extremely different, the 
plotting should be done upon cross section paper printed to 
the logarithmic scale, as explained in Railway Age Gazette 
for June 25, 1909. The plotting is just as simple as on ordi- 
nary paper, but tells the eye the facts much better. 

As regards a purchasing department, the university is very 
different from the industrial world. This onght to be cor- 
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rected at once. A railroad buys a far more varied line of anp- 
plies than a university. The writer speaks from knowledge, 
for he has been a railway mechanical engineer in close contact 
with railway storekeeping. Bnt jost as in the railway, so the 
expert services of the profeBsors will be osed in buying things. 
The professor needs not to burden himself with the purchase 
of standard articles, in order to retain control of the purchase 
of a prism on which he is an expert. 

The new purchasing agent will easily show great savings, 
by his lai^er quantities, by buying on a low market, by taking 
the discounts in quick payment of invoices, and in short by 
being an expert in his function. To quote briefly from sev- 
eral excellent pages in Ennis : 

"The buyer must thoroughly know the markets which he 
ffliters. The trade papers, conference with other buyers, 
friendly relations with sellers, personal search into the history, 
conditions and proapecta of industries with which he as a 
buyer comes in contact — all these help. He is a speculator, 
and he should be at least as well posted on the market for 
commodities in which he speculates as is the grain operator 
on weather conditions in the Northwest. If he is far-sighted, 
he will see many opportunities for advantage by accumulating 
staple stocks at times of low price. He must then use his 
expert knowledge to influence the reqnisitioniDg or storeroom 
departments to anticipate their requirements." 

After all, the chief value of the purchasing department is 
not in the money saving, but in being able to secure (1) the 
articles best adapted to the purposes, (2) an increase in the 
speed of delivery, and (3) a greater convenience in makii^ 
the pnrchase. 

A stores department dould be found profitable. Many 
departments use the same sorts of supplies, and by good reason 
time, money and convenience should be saved. 

III. Analysis of equipment, including buildings. 

A detailed study of the use of buildings, rooms and equip- 
ment will reveal many wastes. Cooke's report shows the brief 
use of costly rooms. There are three ways to improve on this. 
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1. Pablicit? in the use of rooms, including the noinber of 
students accommodated. 

2. A Hchedole of hours and rooms arranged by e fnnction- 
alized officer each spring for the next year. This m^ he the 
duty of the registrar. 

3. A rental price to be placed apon each room, and the rent 
to be paid by the departments oaing them. Conversely, when 
a building is given to a department by a special donor, the 
department may legitimately be paid rent by another depart- 
ment needing to use some of the rooms. 

Occasionally a room may be used more continQonsly, hence 
more efficiently, by having an ante-room with rolling tables 
upon which lecture exhibits may be kept and then rolled out 
into the lecture room when needed. 

Booms used by the lai^er number of students should be on 
the ground floor. 

Avoid the many useless store rooms, where junk accumu- 
lat«8. Keep junk cleaned out and sold or thrown away. 

All rooms and equipment should be kept neat, for the good 
of the students. 

An excellent plan is in operation at the University of Mis- 
souri, whereby junior and senior drafting rooms are put to 
extended use when no classes are schedoled. Each student 
has a desk and looked drawer. The room is kept locked, but 
each student has a key. These rooms thus become the "engi- 
neering ofBces" of the students. There they naturally meet 
after a lecture and discuss the subject, they make their labora- 
tory and other problem computations, a teacher drops in in- 
formally, the rooms adjoin the "students welcomed" engi- 
neering hbrary. One student is foreman in charge and 
responsible for order. Breakages, lost keys and missing lights 
are paid for out of the students' laboratory deposits. The 
Student Branch of the Am. Soc. of Meeh. Engrs., after its 
twice-a-month engineering meeting in a lecture room, adjourns 
to the senior or junior mechanical drafting rooms for a light 
"feed" and social hour. 
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YentilatioD is vital to efficiency, and in design or ase of 
rooms should never be overlooked. 

Buildings should be planned for right enlai^iemeDt accord- 
ing to a pre-conceived plan. 

Equipment and appliances of every sort must be inspeoted 
to determine whether of best available and in the best condi- 
tion for use. If not in use, the sentiment that defers dispoaal, 
lest they might possibly come into use some day, should be 
sternly repressed. Sell or throw away the obsolete jonk, for 
it is in the way and has to be kept clean. 

IV. Every act of man and machine to be investigated, and 
by minute scientific analysis its elements determined and its 
laws found. 

This means that the acts of the professor, as partially out- 
lined in section I of this paper, and all the acts of the student, 
are to be subjected to the Motion Study of Qilbreth's book, 
modified to suit academic conditiona. The engineering schools 
should cooperate in this work, parcelling out different por- 
tions to different schools. The benefits will begin soon after 
the research begins. An outline for some of this work has 
been made, but this paper is already getting too long. 

The work will be vast, but it should not be felt as stunning. 
The Watertown Arsenal in Boston, though one of the moat 
thoroughly ' ' efficiencyized, ' ' has not yet put in many improve- 
ments clearly needed there and in use elsewhere. 

y. Decision as to how each act can best be done. 

Having listed, analyzed and invest^ated each act, the syn- 
thetic construction must follow. This was in part discussed 
immediately smbseqaent to Taylor's five snmmaries in this 
paper, in Goii^'s quotation. It is based on the belief that 
there is one best way to do any one thing, and that usually 
this best way can be determined by scientific methods. Every 
effort is made to discourage the practice of deciding matters 
on anyone's personal opinion. A mtnt careful study ia made 
of the facts above gathered. They are pored over and reasoned 
over, time and again. There must be a reason for every thing. 
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The investigator will probably be mixed and troubled, but 
after lie has timed one job for thirty times, he will have 
acquired good judgment and will finally be able to decide 
upon each elementary motion and each elementary allowed 
time, which will be permitted to enter into the standard or 
ideal time aud method for doing that job. 

The standard act or "operation" of course means that there 
are standard conditions and standard equipment. These are 
to be provided for under the previous headings. 

The best ways for doii^ all the acts mean a saving for the 
professor, student and university, of time, energy and money. 

VI, Selection of men fitted to do the work. 

There are in thia matter two opposed opinions, with all the 
gradationa whieh completely fill the middle ground. One 
group of efiQciency engineers would lay down hard and high 
standards, and then hunt for men to measure up to them. The 
result would be a picked body of workers. 

The other group would be more flexible, and by taking a 
body of workers as they found them, would highly educate 
those who had capacity for high achievement, but also improve 
and use those who could never hope to keep up with the leaders. 
It remains for the future to see which method wiE work out 
better with professors as the men to be improved or selected, 
and the students as the material. Functional foremanship 
may develop a bureau for the placing and eschange of teach- 
ers fit for a function. In the industries, it is certainly easier 
to find a functional foreman and easier to break him into his 
new position, than the old time military foreman trying to 
perform aU functions. 

VII. Training of men so selected, to do the work in the way 
determined to be the best, each man being developed to his 
greatest efficiency and prosperity. 

To train a man, he must be put into possession of a knowl- 
edge of the best method you expeet him to follow. Scientific 
man^ement provides the workman with standard tools. 
There will need to be worked up standard lectures for the 
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yoonger teachers to use. A professor most not consider his own 
lecture notes and his teaching mechanismfi aa his own private 
"stock in trade." These standard lectures are to be fotind in 
the physics department of the Universitj of Toronto. As 
there explained by the professor in charge, "All the members 
of the department use them as the basis of their lectures. 
Our men are made available for class work earlier. These 
notes, being available for our instructors, leave their time free 
to develop other and new lecture courses, or to carry on 
research. ' ' 

Such standard lectures aid in a careful thinking out of a 
lecture, and when rightly used are harmless to desirable in- 
spiration (not the "inspiration of the moment"). 

It may be best to buy such notes outright, or to engage new 
men with the understanding that part of their time is to be 
given to working up such standards. 

It is of course to be well understood that this idea of stand- 
ardizing is not to be applied to students in such a way as to 
enable them to avoid thinking out the personal and vital solu- 
tion of the problems for themselves. 

All the best methods of section Y will be reduced to the 
form of complete instruction sheets for use later in teaching. 

There will be expert instruction in teaching methods. 

Committee meetings will be standardized, and so the wasted 
time cut out. All routine work will be done for the professor, 
such as mimeographing, issuing stores, taking of inventory, 
room scheduling, typewriting, etc. He will also be relieved 
from all the higher functions for which a better man can be 
found, leaving him free to develop his own function or 
specialty to the very highest degree of perfection free from 
interference. Every man will be in a place where he can 
best develop. 

There will be a definite day of work, with more close appli- 
cation daring the established hours, and then relaxation. Both 
professors and students will be obliged to rest one day in 
seven. The time studies in mental fatigue will have deter- 
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mined tlie class schedules for stadents and professors so that 
there will be proper rest interrals during the day. 

Yin. By adeqnate supervision and proper incentive, en- 
sure that the men practice the best methods all the time, 
securing and continuing maximum output. 

A new central bureau will have as its function: Inspection. 
In the industries, it would be a silly sort of inspection to have 
the very piece workers, who planed or drilled the article, in- 
spect it and pass it on to the stock room as perfect. So 
examinations will be given not by the teacher of the boys 
examined. 

The entire scholastic record of a student will be taken, and 
every department will know what he is doing in all his other 
departments. 

A proper discipline will require the same attendance at 
class and in the university as though the student were in an 
industrial organization, where one "cut" would bring a 
serious reprimand, and the second "ent" would probably 
cause him to lose his position. 

EfQciency rewards will be arranged for speed with excel- 
lence upon such work as kinematic and thermodynamic 
problems. 

There is need to get professors to work not harder, but more 
efficiently. 

There is almost no "proper incentive" needed, for it is a 
body of employees made up of most intelligent owners. Each 
teacher is desirous of doing a full amount of work, yet does 
not want to spoil a loved course by being overworked in other 
courses or ways. The feeling of ownership of the university 
by the faculty workers decidedly obliterates one feature of 
need of application of a principle of scientific management. 
The point can best be illustrated by a quotation from the Pitts- 
burgh paper of 1911* in which the writer was joint author. 
' ' Scientific management is not a natural outgrowth of systems 
or even of system. It is not an evolution. It ia rather a 

• Proceedings, Tol XIX, p. 19. 
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reversion to type. A great indoBtiy under scientific manage- 
ment closely resembles in its essentials the small shop, in which 
the owner and hia few men intimately connected with him 
were atodying and working intelligently and harmoniously 
with a view to perfecting the operation. The anscientific large 
shop has a manager moat distantly removed from & vital con- 
nection with the operation, and the latter is left to those 
unable to pve it intelligent stndy." 

An effective organization must stimulate by the force of 
example. Hence every man should have specific and visible 
individnal dnties, which all other men can see he performs 
well. The "dispatchii^" of the industries becomes here the 
assignment of work to teachers by the proper authority, after 
of course proper advice has been taken from staff specialist. 
If the department is operated nnder functional foremanahip, 
the dispatching will be done foy the expert whose function 
that doty is. 

Every teacher most be made to feel a sense of personal pro- 
prietorship in the work for which he is chosen. 

IX. Team work, without hampering a wise individuaUsm. 

The Cooke report recommends in every university a "gen- 
eral research board," whose duty it would be 

(a) To organize the general policy of the institution in the 
matter of research, 

(i) To bring about as mnch cooperation as possible between 
the departments, 

(c) To correlate as much as possible research work goii^ on 
in different sciences, 

(d) To procure assistance for those needing it, 

(e) To pass upon the expediency of undertaking any given 
project, 

(/) And to keep constant track of the progress of work and 
of its cost. 

The writer would like to add to duty (&) that the coopera- 
tion should extend to other universities, to include also the 
shipping of both apparatus and students to the places where 
they will fit beet. 
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AU teachers should keep closely in touch with each other, 
in office caUa, walks, sports, clnbs, and elsewhere. 

There sboiild be frequent (at least monthl7) informal con- 
ferences of & small group of professors to discuss "progress 
policies" for the institution. 

Understadies should be ready to fill any man's place at a 
moment's notice, should he be taken ill or be called elsewhere. 
The teacher should himself be training his own understudy. 

One should never disparage a teacher when talking to 
another teacher, or to a student. 

A teacher or ofSeer with larger responsibilities should unload 
certain of his responsibilities npon other men, thus not only 
giving them the valuable training, but also releasing more of 
his time for consideration of the latter policies of future 
progress for the school or department. 

Conversely, every man to whom responsibility is given 
should gladly assume bis duty and make his decisions himself 
and accept whatever blame or credit may be his due, rather 
than try to siait hia responsibility npon the man above him. 
It is his duty, Qay privilege, to relieve the man above of all 
the work possible. 

In introducing new plans, it should be remembered that 
evolution is safer than revolotion, and that the new plan 
should be thought through to its results from every point of 
view. 

For profiting by intimate colleague associations, one should 
analyze into elements the successes and failures of others, 
learning the efficiency beatitude "Blessed be the man which 
leameth from experience, but thrice blessed be he which leam- 
eth from the experience of others." 

X. Cooperation between managers and men. 

XI. Building up of an advisory cabinet or staff, if the 
Emerson principle seems preferable and the old line officers 
are retained; or o^anizing functional foremanship, if the 
Taylor principle seems preferable. 

A suggestion is offered for a staff of experts for a university 
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president. These men ma7 also be professors or adminis- 
trative oflBcers, but their primary duty ahoold be as the presi- 
dent's aids. Their functions are as follows: alumni, buHd- 
ings and grounds, department needs, discipline, equipment, 
finances, legislation in state, pedagogy, relations among the 
colleges and the departments, relations with other miiversities, 
research, selection of professors, student actiTities. 

XII. Delimiting the respective duties of officers and cabinet, 
or manager and functional foreman. 

Acknowledgment is made for extracts, sometimes condensed 
and without quotation marbi, from the followii^ authors on 
efficiency; Cooke, Emerson, Ennis, Evans, Gantt, Silbreth, 
Qoing, Jacobs, Taylor. 

In conduBion : 

"Well, what of itt" Some one will say: many of the effi- 
ciency Huggestiona in this paper are minor, almost the non- 
essentials; that the teacher's ability to understand a student's 
difficulties, to lead him into right scientific methods, td stop 
teaching when a student has been taught enough, to inspire, — 
has not been touched upon nor greater efficiency pointed out. 

To reply : the efficiency engineer, at work in an industrial 
plant, does not attempt to give fundamental brains to a man- 
ager and his subordinates. He does not give the inspiring 
Boul to a superintendent. There are qualities of soul which 
the Creator alone gives to leaders in the industries and in 
teaching. The pnl^ose of this paper is to show how an effi- 
ciency engineer might relieve a leader's soul from present 
handicaps, petty and huge, and enable it thus to work more 
efficiently. 

May I join Mr. Cooke in fuU sympathy with the spiritual 
significance of university life, and with liim quote from Presi- 
dent Eliot: "Education for efficiency must not be material- 
iatic, prosaic or utilitarian ; it must be idealistic, humane and 
passionate, or it will not win its goal. ' ' 
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EFFICIENCY IN ENGINEERING EDUCATION. 

BY QEOBOE H. SHEPAJtD, 
Anoeiate of the Emenon Compnnj, New ToA. 

The principles of efficieuc; are definitely knoim. The fol- 
lowing table compares the two most famonB statements of 
them: 

Tatlob's Statkukht, 
The Four Elements of Sdentifle 

M&n&gement. 

The derelopmeiit (hj tbe manage- 
ment, not the workman) of tbe 
aeienee of tbe work, with rigid 
rnlee for each motion of ever^ 
maiij and the perfeotiou and 
itandaidiutfoD of aU imple- 
manta and woiUng eonditiona. 

Tbe earefnl aeleetion and mbee- Ideala. 
qneut training of tbe workers 
into flnt olaie men, and tbe Dieeipllne. 
elimination of all men wbo re- 
fuse or are unable to adopt the 
beat method!. 



Tbe Tweire Prineiplaa of ElBei- 

Sapemal CommoB Sanaa. 
Competent Gnldauee. 
Standardiiation of Conditioiia. 
Standardicatloii of Opnationa. 
Determination of Standard!. 



Bringing the flnt elan workman 
and the seiecee of the work to- 
gether, tbrongb the eonatant help 
and watehfolneBa of tbe manage- 
ment, and tbrongb paying each 
man a largo daily bonna for work- 
ing fast and doing what be ia 
told to do. 

An almost eqnal division of the 
work and responsibility between 
the workman and the manage- 
ment. AU di^ long the manage- 



Fair Deal 



Effleieney Beward. 



Immediate, Adequate and Sellable 



Standard Praotice Jcstmctions. 
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meat work almost rids bj ride najuing mnd DetpateUng, 

with the men, helping, sneoni- 

aging, and Bmoothing tho waj 

for Vktm, while In the past tb^ 

stood one aide, gave the men hut 

little help, and threw onto them 

almoat the entbe reapansibilit)' 

aa to method!, implements, speed 

and harmonioo* eoopeiatioii. 

To resolve all effloiene7 into certain definite principles was 
a service comparable to the analysis of all matter into a limited 
number of chemical elements. The prineiples ol efficiency are 
applicable to absolutely all human activity, and, though dis- 
covered in industry, by the aid of them, the Emerson Com- 
pany has done betterment work in an institution as remote 
from industry as a hospital Just as, by applying the tests 
for the different chemical elements, a qualitative analysis can 
be made of any substance, so by searching for the presence in 
any work of each of the principles of efficiency, a qualitative 
analysis of its efficiency can be made, that is, it can be de- 
termined in what respects the work is efficient and in what 
inefficient. In this paper I snbmit to the Society such a quali- 
tative analysis of American engineering education. A suffi- 
cient reason for my using Emerson's principles is that they 
are to me familiar tools. A college, of course, has its business 
side, an enquiry into the efficiency of wMch has been con- 
ducted by Morris L. Cooke and reported to the Came^e 
Foundation under the title of ''Industrial and Academic 
EfBlciency." This paper is confined to the educational work 
of the technical collie. Probably many of the snggestions 
that I make will be considered impracticable ; but it is only by 
the successful accomplishment of things that the so-called 
"practical man" thus condemns off-hand, that the science of 
efficiency has attained its actual measure of achievement. 

I. Ideau. 

The ideals of a college, at least of its faculty, are commonly 

known as the "college policy." I suppose that every college 



>vGoo»^lc 



184 vFmatzvoT is vsqucxboosq bduoaxion. 

facalt? talks in faculty meetinga abont its "policy" and 
thJTiTrn tliftt it lias one; but that sacred thing is likely to be 
composed of a nomber of rather unrelated dictmaa, like "We 
do not accept sabstdtntions except in kind," and "We dia- 
coarage the admission of special students"; while a college 
poli(7 in the sense of a clearly defined ideal, toward which, in 
all its activities, it is constantly, consciously, and consistently 
striving, ia apt to be lackii^. 

The German technical university has a definite and clear 
ideal. It is to be the leader and guide of Oerman industry 
in the application of science to ita work. This ideal has the 
support of the state, the faculty, and the students. The pro- 
fessor is expected to be, and is, a producer of new knowledge, 
of which German industry receives the benefit ; and this is a 
principal cause of German scientific and industrial eminence. 
Students are a l^-product, of which twenty-five per cent, or 
more are reclaimed. Now a single correct ideal doea not make 
efSciency, bat it is a step in the right direction; and certainly 
the German technical university has it. 

At the head of Qie American university is usually a board 
of regents or of trustees, who are not supposed to be educators 
and whose ideal for the technical college, if they have any, is 
probably best expressed in the words of the MorriU Land 
Grant Act — "to teach such branches of learning as are related 
to agriculture and the mechanic arts." That means, to pass 
along the rudiments of technical knowled^ to successive 
classes of undergraduates. Far from the professors beiog 
supposed to be fountains of new knowledge, they are con- 
sidered to do well if they can keep their own attainments 
abreast of the progress of industry. For the achievement of 
this ideal the regents or trustees are dependent upon a faculty 
which is nsually thoroughly permeated with the German ideal. 
In the usual American technical college the ultimate authority 
does not recognize or support the ideal of discovery of new 
knowledge, therefore research cannot be efficiently carried on; 
the faculty accepts with reluctance, as something forced upon 
it from above, the ideal of merely giving instruction and 
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strives fatilely to follow its own ideal. A certain famona 
American physicist, after stating the researches that he ex- 
peoted to make durio^ the next session of his oniTersi^, 
was a^ed: "What will yon do with yoar stndentsl'* 
"Neglect them," was the reply. Neglect of students does 
not tend to efiBciency of teaching. 

It behooves every American college faculty to consider seri- 
ously what the ideal of the institation really ia, not what the 
faculty would like it to be; and, unless reform, rather than 
efficiency, is sought, to bend its enei^es to the loyal support 
of that ideal. On the other hand, I have before stated to 
this society my belief that a college teacher cannot com- 
mand the respect of his stadents sufficiently to secure high 
efficiency unless they recognize him as a first-hand authority 
and source of knowledge in his subject instead of a mere con- 
duit from original soorces to hia stadents. It therefore be- 
hooves the ultimate authority of the university to accept the 
ideal of prodnctioQ of new knowlec^e and properly to support 
the pursuit of it. There can be only low effieimcy where the 
two ideals are in conflict. There can be fair efficiency, in the 
pursuit of either ideal where it alone is held and is con- 
sistent^ followed. There can be high all-round efficiency only 
where both ideals are recognized and harmonized. 

Another ideal that requires clear definition is whether the 
college is to give a broad general grounding in the funda- 
mentals of engineering, or is to give a highly developed, bat 
narrow, education in some special^. The former is becoming 
more and more recognized as the only proper ideal of the 
nndei^aduate courses, the second being reserved for graduate 
specialists. In spite of this, the teachers, havii^ necessarily 
developed into specialists, tend to try to develop even under- 
graduate stadents into specialists in their own lines. Also 
the curriculum, under the care of these same specialists 
gradually becomes overgrown with specialties. The professor 
of electrical engineering, for example, thinks that a three-hour 
course in wireless telegraphy is something without which no 
one can properly be called an electrical engineer. The senior 
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"electricals" are carrying only twen'fy-two Hemester hours, so 
of coarse they can take on three more. At the next faculty 
meeting, therefore, the professor Tecommends a three-honr 
course in "wireless." Faculty courtesy, of course, requires 
that the professor should have what he wants in his own 
department, so behold the hapless senior electricals carrying 
twenty-five semester hoars. Meanwhile the preservation of a 
curricolom well balanced in the fundamentals of engioeering, 
being everybody's busineaa^ is nobody's business. 

II. SUPBBMAL COHUON SeHSE. 

The efficiency principle of supernal common sense requires 
nothing less than the application to the work in hand of all 
the wisdom and knowledge that can be brought to bear upon 
it. It is a very grateful task to the technieal professor to rub 
this principle into the industrial manager, who is prone to 
employ a cheap and nnedocated draftsman to work out by 
empirical thumb rules from a hand-book, problems which the 
professor knows would be mueh more cheaply and efficiently 
done by himself, on a basis of real science, and for a large 
fee. This is one of the vexations of the professor's career. 
Let us, however, consider the technician in the act of teadiing. 

'Wlien, as dean of the engineerii^ eoU^e of Syracuse Uni- 
versity, I tried to apply the principles of efficiency to the work 
of that college, I found myself at once in the thick of prob- 
lems of psychology and pedagogy. Considering that all teach- 
ing is an application of these two sciences, it has ever since 
seemed to me strange that from my first day as a yoong 
instructor I was not placed under their guidance, for it is self- 
evident that there can be no efficient teaching except in 
obedience to their laws. I was struck also by the fact that 
those students who had athletic ambitions were training to 
keep their bodies in the best possible condition, but all stu- 
dents, as far as eonservii^ their brain power was concerned, 
were living haphazard lives. It seems plain that the man 
who wishes to use his brain at maximum effieieni^ should live 
under a proper regimen of diet, exercise, sleep, recreation, 
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and stadf ; in otlier wotcIb, shonld train aa aandaoaaLr as the 
athlete, and mncb more continiionaly. 

Nov in psychology, pedagogics, and physical training, I 
had precise^ that little knowledge which is a dangeroiu thing. 
Moreover I had not time to master these subjects. Any tech- 
nical teacher is likely to find himself in very much the same 
sttnation. Onr own sahjecta are b^ enough to absorb all of 
oar time and labor without any prospect of oar ever attain- 
ii^ ezhaastire knowledge of them. In as far as we allow 
oarselves to be diverted from than, oar proper nsefolness is 
diminished. The eolation is to be fonnd in the application of 
the xusxt prineiple. 

IIL COHFKTKNT GuiDANCB. 

The facts which I have stated in the last two paragraphs 
lead me to believe that every technical college should have 
as staff advisers an expert professional teacher, and a physi- 
uan who has specialised in physical training, while efficiency 
itself should be onder the charge of an efficiency engineer. 
Those members of the Society who are not familiar with staff 
organization are referred to Mr. Harrington Emerson 's books, 
"Efficiency as a Basis of Operation and Wages" and "The 
Principles of Efficiency'." In special cases still other staff 
officers might be necessary. I am satisfied that in any case, 
the three above mentioned are essential to the best efficiency. 
I mention here only the chiefs of staff. Each chief should, 
of course, have such subordinate assistance as is required by 
the amount of work on hand. Undoubtedly most boards of 
universil7 regents or trustees would object on the ground of 
expense to the employment- of pedagogic, medical, efficiency 
and other staff. It is difficult to convince even university 
authorities that brains are really needed in the conduct of an 
institution, and that, thoi^h they are costly, in the end they 
pay better than any other investment. It must be recognized 
that knowledge is the price of efficiency, and they who will 
not pay for the former cannot have the latter. Those of as 
who have the good fortune to belong to colleges which are 
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parts of omTersities, can probably appeal to the self-flaorifieing 
spirit common to teachers, to obtain the assittaiice of experts 
from the other faculties. At Syraoose I laid my pedagogic 
and pyschological problems before Dean Street of the Teach- 
er's Collate, and foond him more than viUinir to advise me. 
If, by similar means, an actual demonstration of improved 
efBcieney can be made, a basis will be secured on which to 
appeal to higher authorities for financial support. 

Another difBcnlty which will have to be met is unwilling- 
ness to accept staff assistance. Some teachers will doubtless 
feel affronted by the su^^estion that their work should be in- 
spected, and that they should be advised by a pedagogic stafF. 
Probably very few students will at first accept the idea that 
they should go into training for their scholastic work. These 
difficulties are to be overcome, precise^ as the objection of 
industrial workers to staff guidance is overcome. A selected 
few are first to be found who appreciate and willingly accept 
staff guidance. The efforts of the staff are at first to be con- 
centrated on these, and upon them a demonstration is to be 
made that they profit by those efforts. The benefits received 
by them will make others more willing to accept the same 
advantages, and the work can gradually be extended. 

Dealing, as we do, with immature youths, the proctor 
system of the English onivergities would be a valuable addi- 
tion to our staff. The function of the proctor is to keep in 
close touch with a group of students assigned to him and to 
advise them both as to college and outside affairs. All of us 
know that our students, notably the freshmen, would benefit 
greatly by close touch with a wise and friendly adviser. The 
technical faculties are too heavily burdened for them to 
assume this function, I wish it to be cleariy understood that 
I do not anywhere in this paper advocate adding to the labors 
of the present teachers. On the contrary they should be 
relieved. In supervising students by proctors, it is necessary 
to remember that too close keeping of an adolescent in leading 
strings is fatal to his development, a fact which nature has 
rec<^puzed by giving bim a stroi^ instinct to rebel against it. 
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At the same time, he is not yet fit for complete self-^niidanee. 
The stnation ia eriticftl and calls for careful seleotioo of the 
proeton and for their classification as junior ofBcen of the 
psychol<^cal staff. If, in conjunction with betterment work 
in the institntion itself, courses in efScieney eould be given 
therein for which credit would be given, selected upper class 
men who were taking the efficiency course could be made 
proctors over the freshmen as part of its woric. I mention 
this only as a temporary expedient, recognizing that better- 
ment work in a university must prove itself before financial 
support can be got for it. As soon as possible the proctors, or 
tutors, should be r^olar salaried officers of the nniversi^ 
adniimatration. They will doubtless pay for themselves. In 
an institntion where the students pay tuition, a proctor would 
not have to save many from the various pitfalls which drop 
the unwary from the rolls, in order to earn his salary. In 
state universities the economy would return to the public in- 
directly, but really, by savii^ students from failure, by guid- 
ing them into careers for which they were suited, and by 
enabling them to graduate with sounder bodies and better 
minds and characters. 

IV. DiscrPLiNE, 
In the matter of discipline, the American institution of 
learning has a tremendous advantage. Those who are ae- 
cnstomed to think of discipline on^ in terma of the man-of- 
war would probably, on a superficial examination, be im- 
pressed that there is no discipline in the college ; but that is 
far from the fact. With all their free and easy ways, college 
students are obedient ; and they usually regard their teacheni 
' with respect, and often with affection. Moreover, they are 
filled witii an overflowing love for, and loyalty to, their Alma 
Mater, which, though sometimes mistaken in its expression, is 
very real and offers an unfailing appeal to them on behalf 
of all right action. It would be to any industrial oi^aniza- 
tion an asset of untold value to have among its employees 
an espirt de corps at all approaching "college spirit." 
18 
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With local variations, there is, in the main, only one direc- 
tion, in which improvement in discipline suggests itself to me. 
That is in the more careful selection of young men for the 
engineerii^ profession. I am not speakii^ here of the edu- 
cational requirements for admission. To all of us cases are 
familiar of students, struggling along in the technical colleges, 
who are totally nnfit to be engineers. I remember one youi^ 
man who turned in a design of a boiler, with the month of 
the furnace blanked off by a solid steel plate, and who after- 
ward found a more congenial career on the stage. Of course 
the "bust-notioe" usually gets rid of most of these, but there 
are many who have too much brains for that, who drag aloi^ 
to their own nnhappiness and the despair of the f acnl^, and 
to ultimate f ailnre in life, onlesa they go into some other work 
before they are too old. It should be ozie of the functions of 
the proetors to find such cases very early in their student 
careers, and to bring them to the attention of the faculty. 
The latter should advise, and should have authority, advice 
failing, to drop from the student rolls those unfit for the 
engineering profession. 

Y. The Faib Deal, 
Under the head of the fair deal we can gladly mark the tech- 
nical college 100 per crait. (minus) and let it go at that. While 
the college has not attained absolute perfection, that indnstry 
is indeed a shining light, in which the workers have as much 
confidence as prevails in a college in the justice of the admin- 
istration. Such confidence is a great advantage in undertak- 
ing betterment work. For example, the droppii^ of students 
for unfitness for the engineering profession, advocated above, 
could not be undertaken by any faculty in whose fair dealing 
the students did not have confidence. 

VI. Standaedization of Conditions. 

The purpose of standardization of conditions is not only to 

make conditions constant, or standard, but to make them as 
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soitable aa possible to the work in luuicl. The idea of adapta- 
tion IB quite as promiiient as that of standardizatioiL Adapta* 
tion, of conise, works both ways. Adaptation of conditions to 
the work is most desirable, but is often impossible. Man has 
been obliged, in the main, to adapt his work to his conditions ; 
that is, to do what his circmostances allowed. Far be it from 
me to decry a noble effort to do needed work nnder adverse 
oireiunatances. Homanity owes its progrraa to the fact that 
heroes, sainta, and martyrs have sacrificed even their lives in 
saeh attempts, but that is aside from eEBciency, which is the 
anbject of the present paper. 

Under the head of adaptation, or standardizataon of con< 
ditions, there is more need of a propaganda among the finan- 
cial authorities of colleges than among the members of this 
society, who like other college professors, are ondoabtedly as 
insistent on proper equipment for their departments as they 
can be without becoming completely disliked in the president's 
oflSce. Among the financial authorities, equipment is often a 
ease of cutting the coat to. fit the cloth ; but, when a university 
puts a half million dollars into a g^antic stadium and another 
quarter million into a gymnaaum, while its engineerii^c col- 
lege is turned off with a n^gardly equipment, it is plain that 
its administration is inappreciative of the application of this 
principle of efDciency in technical edacation. 

It is also obvious that a college should not undertake work 
for which, by location or otherwise, it is manifestiy unsnited. 
One cannot think, for example, that a school of marine engi- 
neering is likely to be highly eCBcient in an inland college 
remote from any more striking example of naval architecture 
than a canal boat. If we had had pedagogic guidance, we 
should long ago have recognized the superiority of the 
practical-theoretical method of teaching, which is followed 
only by the few institutions that have adopted the cooperative, 
or part time, plan over the theoretical-practical plan which is 
still followed by most. If we had designed a man on the 
drawing board and then built him in the shop, we should 
probably have made him so that he would have inquired first 
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Why! and then WhatT and then How! He would have been 
a highly intell^ent creature whose career wonld have come 
to an end the first time he was confrontfid by an unknown 
and unanalyzed danger. Imagine him in the path of a speed* 
ing automobile. It would be time to telephone for the nnder- 
taker, before he had aatisfled his philosophic mind that there 
was snfBoient reason for a quick dash to safety. Man, being 
the product of a long stru|^Ie against adverse conditions, has 
been so finnly impressed by heredity with the necessity for 
quickly deciding How, and of the inadvisability of bothering 
with What and Why, unless the thing later seems worth while, 
that his mind will work that way, even when, on the whole, it 
wonld be- rather better if he reversed the process. Much as 
we may deplore his perversity, we shall succeed best by operat- 
ii^ him in his natural direction of working. 

Hence we diall teach beat, if, instead of ponring academic 
knowledge into onr students for four years, and then turning 
them loose to find, on their own resources, its relation to prac- 
tical industrj', which seems strangely indifferent to their learn- 
ing, we bring them, before and during their college courses, 
into actual working contact with industry and coordinate 
their academic inatmetion as closely as possible with their 
practical experience. This is a standardization of conditions 
which, by cooperation with industry, is within the reach of all. 

VII. Determination of STANDi,BDS. 
For the sake of brevity, I shall discuss under this head only 
one standard which the tecbnieal college conspicuously lacks. 
That is one of student capacity. How much work of any 
given subject can a student reasonably be expected to do in 
an hour! How many of us are there who can answer such a 
question, even with reference to our own subjects only, on 
any basis of real knowledge! The most of us probably know 
only that as students, we ourselves succeeded in learning 
about so much per lesson. How much time had we per lesson T 
How much time has the student now! How many of us know, 
not guess, the answers to these questions! In the face of these 
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uncertainties, the inevitable tendency of the specialist, who 
realises mndi better the infinite ramifications of his own snb- 
jeet than he does its relative onimportanee in the general 
scheme of things, is to pile onto his students always a little 
more and a little more, ontil the task becomes an impossi- 
bility. The result is inevitable. On the one hand the student 
must resort to cramming, to memorizing, to bluffing, in order 
to get through. On the other hand the teacher, for the sake 
of his own reputation, most not appear to be unable to com- 
municate bis knowlec^e to a reasonable proportion of his 
students, the only tai^ble evidence of which knowledge is a 
passing mark reported to the registrar. Hence a continnal 
loading of the subject is bound to result in a continual de- 
crease of thoroughness on the part of the student, and a con- 
tinual lowering of scholastic Htandards on the part of the 
teacher. I was once one of the assistants of a very eminent 
engineer, who had the habit of handing out to us more work 
for a day than we could do in a week. Fortunately one of ns 
soon discovered that he forgot the tasks, as soon as he had 
assigned them, and kindly gave the rest of us the tip. There- 
after, I received orders for the most preposterous tasks with- 
out either a protest or a smile, did what I could and forgot the 
rest, which my chief also very kindly did. The results, be- 
tween the overloaded student and the specialist professor, are 
bound to be similar. 

There is need here for some time study work of the very 
highest grade. The idea of time study of mental wo^ may 
strike some as impracticable; but Dr. F. W. Taylor wrote 
me that the first time studies of which he ever knew, and which 
first suggested the idea t» him, were made by Professor Went- 
worth on work in algebra, when Taylor was one of his stu- 
dents, and that Wentworth based his assignments of lessons 
on these studies. As soon as it has been determined what the 
students can reasonably be expected to do, that much should 
be assigned to them and no more, and they should then be 
absolutely required to do it. The result can not fail to be 
a great improvement in thoroughness ; and, while the diploma 
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may not eertifr that graduates know so much, it will mean 
that they really know a great deal more, beside which the 
moral training of always fairly and squarely meeting a 
reasonable requirement, will be of inestimable value. 

Vni. StANDABDIZATION op 0PBEATI0N8. 

I have been told that Oantt claaaifies the human race into 
routine workers and experts. There is something like that in 
his book, "Work, Wages, and Profits," but I cannot say 
where I got it in precisely that form. This is by way of 
apology to Mr. 6antt, if I have misquoted him. Anyhow, the 
routine worker can do only what he is told, as he ia told to 
do it, following over and over a beaten path, until he attains 
speed and skill as habits. The expert is constantly confront- 
ing new conditions, under which, by the application of invari- 
able principles, he works out methods in infinite detail to meet 
each particular case. 

The betterment man is accustomed, in industry, to blaze the 
trail for routine workers. In the technical college he is to im- 
prove the education of embryo experts, who are themselves 
to become pioneers. It would be fatal to their development 
to make them work aceordii^ to hard and fast rules such as 
are set before the routine workman. On the contrary, prob- 
lems must be set before them which they must be left to solve 
aa nearly on their own resources aa possible. Only by so 
doing can they attain the necessary independence and self- 
reliance. The industrial operation is standardized in order 
that the routine worker may do it in the most efScient way. 
It is vastly less important that the student should do his work 
in the best way than that he should do it himself. An excel- 
lent paper along this line was contributed to the American 
Society of Meehanical Engineers some five years ^o by Dr. 
Lueke, under the title of "The Function of Laboratory 
Courses." After myself experiencing conviction of sin as a 
result of that paper, I entirely withdrew from my senior 
laboratory students all written instructions for their work 
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and required them to woA oat their own solutions of lahora- 
tory problema. Nevertheless this led to a standardization of 
the operation of snch solution along the following lines : 

1. The assignment of a problem; for example, to determine 
the thermal efficieney of some engine over ita complete range 
of load; 

2. A preliminary lecture, giving only so much explanation 
as was absolutely necessary ; 

3. The division of the students assigned to a problem into 
certain standard committees, 

' The Foreman, and Committee on Stations and Duties for Ex- 
perimental Work, 
Committee on Apparatus, 
Committee on Runs and Logs, 
Committee on Final Report, and 
Committee on Prediction of Result ; 

4. The rotation during the year, of each student through 
all the committees, so that he gained an experience of all 
phases of laboratory work ; 

6, The preparation by each committee of a report on ita 
part of the problem, comprising definite instructions for the 
conduct of the further work ; 

6. A seminar in which each committee presented its report, 
which formed the basis of action by the whole squad ; 

7. A preliminary report on the problem from the whole 
sqiiad; 

8. The performance of the experimental work under direc- 
tion of the foreman, in accord with the preliminary report ; 

9. The calculation of results by the whole squad under 
direction of the foreman ; and 

10. The submission of a final report by the whole squad. 
The above is submitted as a concrete example of the fact 

that it is possible to standardize operations and at the same 
time to put upon the student the responsibility of solving his 
problems for himself. It would be an impertinence for me 
to offer to my fellow members any farther suggestions as to 
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the standardization of their own operationa. As to the stn- 
dent, many of his operations might \)e standardized with 
improTement in his efficiency, and without decrease of his 
independence. For example, it was not until my own fourth 
year in college that I learned how to study a technical text 
Until that time, when the author said, "It is obvious that," I 
immediately set to work to dig out for myself the oonoluaion, 
which in most cases was very far from obvious to me. I 
finally found that the author usually gave his reasoning on 
the next page, a discovery that has saved me many a weary 
hour since. Doubtless it developed my cerebral tissue to think 
for myself the thoughts of Cotterill, Bemsen, Thurston, and 
their peers; but, for a college boy, the task was almost too 
much, as some narrow escapes from being sent home pain- 
fully impressed upon me. Probably others have failed from 
similar causes, who might have been saved to professional 
careers merely by standardization of the operation of pre- 
paring a lesson. 

IX, Standabd Pbactiob Inbtbuctionb, 
I have often had occasion t« advise a student to take a tutor, 
not to teach him the subject, but to show him how to study it. 
At present such occasions come to a college teaeher in a hap- 
hazard way. If he is interested in his students and enquires 
into the troubles of any of them who are not getting along, 
or if he is the man to attract their voluntary confidence, he is 
likely to have such opportunities. If he is absorbed in his 
subject to the exclusion of human interests, be may not care 
or even know how his students are getting on. In this 
country we are apt to condemn a man of the latter type, but 
he is more apt than the other to know his subject, and no man 
can teach what he does not know himself. To know exhaust- 
ively a subject in up-to-date engineering is one man's job, and 
the only way to enable him to do it at high efficiency is to 
relieve him of distractions In other directions. The college 
teacher's business should be his subject, and the responsi- 
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bility for Btndent welfare Btioald be in the hands of a separate 
flOrpB of workon ; while the head of the college should be re- 
lieved of the details of both kinds of work, but should be a 
man broad enough and big enoogh to dominate both classes 
of workers and to control and coordinate their work. 

The proctors should find out, as a matter of regular duty, 
instead of leaving it to the teachers to find out by chance, 
whether any young man is working inefficiently; and, if he 
needs standard practice instructions, they should have the 
means, by conferences with the pedagogic, psychological, and 
medical stafF, and by reports to the head of the college of 
needed action, to make sure of his getting them. 

Standard practice instructions along other lines, for ex- 
unple the notation of drawings, may with advantage be pro- 
vided, and commonly are; but these are matters of detail, 
which vary with local conditions, and do not admit of gen- 
eral discussion. 

X. PliANNINa AND DbSPATOEINQ. 

In the application of the efficiency principle of plannii^ 
and despatelmig, the technical college is far ahead of most 




industries. The curriculum as a whole is planned from the 
outset, subjects are arranged in logical sequence, and the time 
allotted to each is predetermined. Claaaes are despatched as 
to hours and rooms, a year in advance. If, however, we ex- 
amine the baaia of scientific knowledge for our elaborate plan- 
ning and despatching, the bubble of our satisfaction is imme- 
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distely pricked. For example, vhj is the standard period 
for a recitation or lecture one lionr 1 I have been unable to 
find an;- better reason for it than that the hoar is a clock onit. 

Now it ijB known that in mental work, the relation between 
time and power is Bomewlmt as shown in Fig. 1. First there 
is a period of decreasii^ power, similar to the "wanning up" 
in athletics ; then a period of increasing power ; then one of 
nearl}' constant power, a maximum plateau; and then fatigue 
sets in with continually decreasing power until complete ex- 
haustion is reached. Also it is known that, in the early stages 
of fatigue, rest brings quick reeoperation ; while, after ex- 
haustion is approximated, recovery is slow and rest must be 
long. If every one had the same carve of time-power, it 
would be easy enough to find the time of maximum power 
ordinate ; but tiiere are great individual difFerenees. In some 
cases the time of warming up is inappreciable; in others it is 
very long. Some individual curves show an absence of the 
TnaTimnm plateau. With these individual differences, is it 
feasible to find a composite curve of which the period of 
tnnTimntn power will approximate the general average t Or, 
if not, is it feasible, in drafting room and similar work, for 
individuals to reoc^nize their own periods of maximnm power, 
and to work accordingly T The composite period of maximum 
power being determined, how many such periods per day will 
produce the maTimTim efficiency f What should be the inter- 
val between such periods! Perhaps the p^ohologists know 
the answers to these questions. My own transfer to better- 
ment work in industry has made other matters so much more 
pressing that, for nqwlf, I have been obliged to retire them 
from present consideration. As far as I know, the psycho- 
logical, pedagogic, and medical staff have a good piece of work 
cut out for tbem to find the answers. Probably original re- 
search will be needed ; bat efficiency engineers would not get 
far, if they were daunted by such a necessity. 

When we know bow loi^ a student oi^ht to work at one 
time, when we know how many hours he ought to work in a 
day, and how many days in a year, we shall be able intelli- 
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gently to determine the number of semester-hours he ought 
to carry. When we hare time standards for the students' 
work, we shall know how many semester-hoars should be as- 
signed to each subject. Let us not be scared by the number 
of such standards required. A certain large industrial com- 
pany has sixty thousand soch. When we know student 
capacity and have time standards for each subject, we shall 
be able to build up a curriculum with scientific accuracy in- 
stead of by rule of thumb. If the result should be an increase 
of the number of years of the cotirse, I should regret it ; but, 
if it is necessary to pay that price to secure efficiency durii^ 
the engineer's working years, it must be paid. I expect that 
general betterment, in education as in industry, wiU so greatly 
increase working capacity that there will be no such necessity. 
Connected with any effort to establish time standards for 
subjects, there is bound to be a vigorous prunii^, an analysis 
of subjects into their fundamental principles, and a concen- 
tration of effort on instruction in these, and in practice work 
in their application, together with the cutting out of all dead 
wood, and, in undergraduate courses at least, of refinements 
which are of interest only to the specialist. Such an elimuia- 
tion of waste labor will in itself very highly conduce to aca- 
demic efficiency. 

Gomii^ to detail despatching, many students are in great 
need of its application to them individually. Some years ago 
a senior, came to me and complained that he did not have time 
to do his work. I said to him "Getting your work into your 
time is a good deal like getting your clothes into your trunk. 
If you stand across the room and throw things at the trunk, 
just as you happen to find them, you have to get several fel- 
lows to sit on the lid j but, if you fold things neatly and stow 
them in orderly fashion, you probably have the top tray 
empty. Sit down and let us make out your weekly schedule." 
The schedule being made out accordingly, showed no work 
from one o'clock Saturday afternoon until eight o'clock Mon- 
day morning, whereupon I filled in for Saturday afternoon 
"Physical exercise in the open air." This young man had a 
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very particular chum in the coeducational department; and 
nearly every Saturday afternoon for the rest of his cootse, I 
met him waUdr^ with her, whereupon he used to hail me with, 
"Yon see, professor, I am sticking faithfully to my schedule." 
An efficient staff of proctors would have got bold of this young 
man in bis first week in college, and the course of true lore 
might have run smoothly, not only through the senior, but 
the junior and sophomore, and perhaps even through the 
freshman year, and that without neglect of lessons, by virtue 
of running on schedule time. 

XI. Ihuedutb, Adequate jlnd Rblublb Reoobds. 

The technical college has an abundance of educational 
records which In the main are immediate, adequate, and re- 
liable from the point of view of the faculty, and adequate and 
reliable, but not immediate enough, from the point of view of 
the student. Their rellebili^ may seem questionable, seeing 
th&t the marks which a student receives, represent merely a 
teacher's general estimate of the valiie of his work; but ex- 
perienced markers, working independently, will grade the 
same within a few per cent., if they have time enough to work 
with reasonable care, so that, unless the faculty is obliged by 
overwork to mark hastily, the records ought to be substantially 
reliable. It is my own belief that a student ought to know all 
of his marks very promptly. Yet I have known a worthy 
professor to move, and his faculty to pass a resolution, for- 
bidding teachers to acquaint the students with any marks; 
and, unquestionably many teachers prefer not to tell what 
marte they give. I could never bring myself to much patience 
with this attitude. It always seemed to me like mere shirk-' 
ing. If a teacher gives a mark, be ought to be able to justify 
it by good reasons ; and those teachers who willingly tell their 
marks are not bothered by unreasonable complaints from stu- 
dents, nor do they give cause for reasonable complaints. 

At my own Alma Mater it was the custom to post on each 
class bulletin board at the end of each week the names and 
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marks of all students whose average for the week was unsatis- 
factory in any Bubjeot ; and, one month before the end of each 
semester, the names of all stadents who were in danger of fail- 
are at the end of the Bemeater. Such timel? warnings doubt- 
less prevented mai^ failores; and, except that notice of de- 
fldency might better be privately given, the customs are cer- 
tainly worthy of imitation. Not only the student concerned 
bnt his proctor should be informed at once when he begins 
to receive failing grades and the proctor should at once in- 
vestigate and start remedial measures. 

XII. Efpicienct Rbwabd. 

The principle of efficiency reward must be considered with 
reference to students and faculty. The student has a form of 
nominal efficiency reward in the marks which he receives ; but, 
unfortunately, there are not many students to whom one pass- 
ing mark i« any better than another. In fact some students 
regard any surplus of mark above barely passing as a waste 
of effort and an indication of personal inefficiency. On the 
other hand, athletics offer, in bodily vigor, excitement, ap- 
plause, admiration, and the coveted block letter, an immediate 
and highly prized efficiency reward. Social affairs and stu- 
dent politics offer also excitement, applause, admiration, some 
power, and very enticing pleasure. In contrast the rewards 
of scholarship seem few and empty. It is no wonder that so 
many studente are diverted from the supposed main purpose 
of the college. 

By way of increasing the rewards of scholarship in ways 
that make an immediate appeal to the student, such societies 
as Tan Beta Pi and Sigma Xi, are of undoubted value. Their 
usefulness will be increased by such marks of distinction as 
the institution can bestow on the local chapters. The main 
solution of the difficulty is to impress upon the student that 
knowledge is the thing of value, and that, if he gets it, 
marks and even diplomas and degrees are negligible quantities. 

While various means to this end at once suggest themselves, 
it seems to me that the moat powerful is to give the student 
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an object lesson in the need of scientific technical knowledge, 
to make him feel his lack of it, by brii^ing him from the 
OQtset of, and throughout his college course into close practical 
contact with industry by means of the cooperative, or part 
time, method of instruction. Any one who doubts this, has 
only to compare those of his own students who have bad prac- 
tical experience with those who have not While the former, 
from necessity of spending much of their time and energies in 
self-support, may be only fair, or even inferior scholars, they 
do not fail from lack of interest in their work. Once the stu- 
dent realizes that knowledge is what he is after, and not marks 
and degrees, his efficiency reward becomes immediate, auto- 
matic, and unfailingly just. 

Turning to the faculty, there are four ways in which effi- 
ciency should be rewarded: (1) by salary, (2) by social stand- 
ing, (3) by promotion, and (4) by opportunity. 

Aa to salary, including under this head old age and service 
pensions, the subject has been worn tiireadbare, and there is 
no profit in discussing it in any length in this paper. The 
mere fact that the best men are being continually drawn away 
from teaching into industry and that our abl^t engineers are 
to be found in practice and not in professorships, as in Ger- 
many, is proof enough that the reward of our teachers is 
inadequate. When any institution undertakes betterments, one 
of the first uses that must be made of financial economies re- 
sulting from greater efficiency of the material side of the insti- 
tution, from immediate, adequate and reliable cost-keeping, 
from using costly steam heat to warm buildings iu use, instead 
of to Mil the campus grass, and from efficient use of buildings 
and equipment now idle s large part of the time, is to increase 
the compensation of its teachers. 

As to social standing, the situation is not bad ; but such dis- 
tinguished consideration as attaches to a university professor- 
ship in Germany, would, of course, hold many men to the 
teaching career in this country in spite of more lucrative 
opportunities in practice. 

As t» promotion, efficiency reward is here directly opposed 
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to the oommonly accepted idesl. The very nniverraty presi- 
dent who fails Htterly to sapport research by his faculty, who 
looks upon it iu fact rather as a diversioii from their proper 
work of teaching, will, if he has an important position to fill, 
seek a man "whose name will strengthen the institution." 
That means inevitably a man who has been in some way a 
discoverer of knowledge, because mere teaching and adminis- 
tration, no matter bow faithfully and well done, make one 
known only to his own students. If tbe ideal is to continue 
to be merely "to teach such branches of leaming as are re- 
lated to Agriculture and the Mechanic Arts," in order to 
attain efficiency in its pursuit, efficiency reward must be based 
upon it; and, when promotion is possible, it must be bestowed 
upon the efficient teacher. If, without sacrificing our own 
ideal, we are te adopt in addition, as we should, the German 
ideal of leading and guiding industry in the application of 
science to its work, the ultimate financial authorities of our 
institutions, and finally society itself, which in the end must 
bear the burden of all education, must learn to support both 
teaching and research, and appropriately to reward efficiency 
in both. 

As to opportunity, a motive which, to a man of the right 
type for a college teacher, is quite as compelling as the desire 
for financial reward or for academic or social position, is the 
ambition for honorable fame as one who has rendered dis- 
tinguished service. To the college teacher the means which at 
once Buggeste itself to that end is research. Tbe substantial 
denial of such an opportunity in our technical colleges, re- 
moves from them one great and highly prized efficiency 
reward. I count among my most valued friends one of our 
most distinguished practicing engineers, a man of surpassing 
character and of wonderful devotion to altruistic service. 
Some years ago he was one of our most distinguished technical 
teachers, in an institution ranked by all as among the best, 
and by many as tbe best in this country. Shortly after his 
leaving teaching for practice, I said to him that I should have 
thought that be would have stayed in teaching in order to 
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develop Ids ideas by research and inrention. He replied: 
"I saw that there was no chance for me to do anything of that 
Mnd there." 

XIII. Financial Results. 
It may be objected that the proposals above, all tend to 
greater, not leas expense. This is the stock objection of the 
unconverted captain of industry to all suggestious of greater 
efSciency. Inevitably betterment work increases the ratio of 
indirect to direct expense; but experience in indnstiy haa 
fully shown that it increases even more the ratio of produc- 
tion to total cost, so that the final result is a decrease of unit 
cost. Similarly in education; by causing institution, teachers 
and students to cooperate in the parsnit of the same adequate 
and correct ideals ; by applyii^ to teaching its own sciences ; 
by placing the workers under competent guidance; by the 
more thorough elimination of the unfit through discipline; 
by fair dealing with all concerned; by standard practice in- 
structions tor the performance of standardized operations ; by 
the extension of the present system of schedules of classes into 
one of schedules for individuals as well ; by the basing of all 
planning upon scientifically determined standards of capacity 
under standardized conditions ; by making records immediate 
as well as adequate and reliable ; by rewardii^ the efficiency 
of teachers, and by causing students to appreciate the effi- 
ciency reward which they have ; the result is bound to be aa 
increase of working capacity of both teachers and pupils : and 
this, in the end, is bound to reduce cost per unit of product. 
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THE APPLICATION OF SCIENTIFIC MANAGE- 
MENT TO THE OPERATION OF COLLEGES. 

BT S. EDGAB WUITAEEB, 
Consnltliig Engineer, Hubronek HdgUa, N. J. 

Mannfactaren and bnsmeaa men often look upon their own 
undertakii^ as peculiarly different from every other ap- 
parently similar bnainees. It viU not be aarprising that 
every college may feel that it has problems unlike any other, 
and of greater difficulty. NataraUy, the men connected with 
the colleges and universities look apon their duties as some- 
thing entirely diittinct and apart from those which occupy the 
attention of people in other walks of life. Yet, as a matter 
of fact, these problems are very mnch alike. 

A college is a big bnnness enterprise. Its product is the 
attainment of high ideals in scholarship, in character develop- 
ment and culture, and the preparation of youth for the 
activitiefl of life and for intellectual and spiritual leadership. 
In place of mechanical output, its product is men. But the 
element of cost enters in just as much as in any other bnsinMa 
enterprise, that is, we want to get as much as possible for the 
money. We cannot always measure the value of the output 
in dollars and cents, yet every one likes to feel that the money 
which he contributes to educational and philanthropic pur- 
poses is well expended, and future benefactions often depend 
on showii^ a high efficiency. 

One of the points that show the need of Scientific Manage- 
ment is that many institutions have difficult in runnii^ on 
their endowment income and tnition fees, and find themselvea 
constantly face to face with a deficit or at least hampered in 
the extensions and expansions they woold like to make. It 
may well be that a critical examination of the expenditnres 
and methods of some of our eoll^^es may be more helpful to 
14 206 
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them than more money. Again, the profeHsors complain that 
80 much of their time is taken ap hy correcting examinatiooB 
and assigning marks, and maintaining records, petty details, 
deadening routine, that they have not the freshness and the 
bnoyancy of intellect that leads to creative thoaght, to ad- 
vancement along the lines of research. 

In his report to the Carnegie Foundation, Mr. Morris 
Llewellyn Cooke has stated "A further increase in the effi- 
ciency of the teaching staff will be obtained through such 
specializing as will come as the result of fnnotional manage- 
ment. There are some things that are clear. Durii^ the 
interviews which the writer had with college professors, he 
found them spending time in taking inventories, keepii^ track 
of appropriations, mimeographing examination papers, and 
handling routine correspondence. These things are clerical 
work, and should be handled outside the teaching 6eld, and 
not as a part of the teacher's duties. In addition, there are 
many other things, including management of the buildings, 
which might easily be centralized and done better by officials 
who can devote their time exclusively to them. Such changes 
would leave the professor more time for the work for which he 
is especially fitted. 

"The manifold duties carried on by the college professor 
seem overwhelming. I saw a single individual personally 
BSBOme the direction of a lai^e building including labora- 
tories, machine shops, power plants; maintain order and 
discipline among seven hundred at times boisterous spirits; 
direct and inspire a teaching force of a score of rather 
nnusually able men ; and keep in touch with a large body of 
graduates. The college professor does not realize how many 
distinct functions he performs. The high-priced presidents 
of our railways, banks and steel companies would not dream 
of performing this variety of functions. They would refuse 
to do so because they know they could not do them wellT 

"This part of raisii^ the efficiency of the college professor 

will have to be done by building up central agencies for doing 

' much of the work he does now, and for doing it so much better 
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than he possibly can, that be -will be glad to relinqoiah hia 
reBponBibtlitiea in these reBpects." 

In oonteaat with the commercial and indoBtrial world, there 
will be found a general lack of intensireneBs and map every- 
where pervading the muTersitieH and colleges. There is no 
haste in attending recitations and plenty of time and leisure 
to diHCOBS matters with those met on the way. The professor 
is oceasionaUy five or ten minates tardy in meeting his class. 
If the youi^ man is to sacceed later in life, he must realize 
the necessity of intensive application to his woric daring that 
time when he is assigned tasks ; he most realize that an honr 
of his time is a valuable thing and cannot be carelessly 
wasted. 

In an address before the Xlniversity of Pennsylvania, Dr. 
Taylor, referring to gradaates of technical schoola, said "Why 
is it that these yoong men are discontented and of practically 
little use darii^ the first year or two after graduating T To a 
certain extent, this is unquestionably due to the sadden and 
radical change from years spent as boys, slmost solely in 
abaorbii^ and assimilating knowledge for their own benefit, to 
their new occupation of giving out and using what they 
have for the benefit of others. To a degree, it is the sponge 
objecting to the pressure of the hand which uses it. To a 
greater degree, however, I believe this trouble to be due to 
the lack of discipline and to the lack of direct, earnest and 
Ic^cal purpose, which accompanies to a lai^ extent modem 
university life. 

"As to college discipline, it cannot be good training for 
after life for a young man deliberately to be told by the 
university authorities that he can flagrantly neglect his duties 
sixty times in one term before any attention will be paid to 
it, while, if in business, the same young man would be dis- 
charged for being absent two or three times without per- 
mission. The boy who joins the football squad is given no 
sixty cute a season, nor is he allowed to choose what he will 
do. He does just what some one else tells him to do, and 
does it at the time and in the manner he is told and one or 
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two lapses from training mles are safficient came for ex- 
pulsion from the team. 

"I believe it is possible to so train ^onng men that they will 
be osefol to their employers almost from the day that they 
leave college, so that they will be reasonably satisfied with 
their new woi^ instead of discontented, and to place them 
npon gradnating one or two years nearer success than they 
now are; and this can best be accomplished by giving them 
an earnest purpose through six months ' contact early in their 
college life with men working for a living; by rigidly pre- 
scribing a course of studies carefully and logically selected, 
and with some definite object in view, and by subjecting them 
to a discipline comparable with that adopted by the rest 
of the world. 

"Of aU the habits and principles which make for success 
in a young man, the most useful is the determination to do 
and to do right all of those things which come his way each 
day, whether they are agreeable or disagreeable, 

"la not the true object of all education that of trainii^ 
boys to be successful ment I mean men successful in the 
broadest sense, not merely successful money-getters, successful 
first in developing their own characters, and second, in doii^ 
their full share of the world's wort" 

The need of scientific management is further shown by the 
limited use of the rooms in college buildings. As an in- 
stance, it is reported that the president of the TTmvermty of 
Wisconsin conducted an investigation of one of the main build- 
ings of his institution, and found that the rooms in it devoted 
to teaching were used, on an average, only three hours a day. 
This is about the average amount of use in many instances in 
several other universities and colleges. The proper assign- 
ment and utilization of the rooms during the year would 
doable the capacity of the college buildings. 

In illustration of the point of using, or not using, the same 
room for different purposes, Mr. Cooke has described two lai^ 
lecture rooms. "One of them at the Massachusetts Institute 
of Technology was reserved for a lecture which took place 



>vGoo»^lc 



S. EDOAB WHITAEBB. 209 

six momingB in the week at eleven o'clock. Owing to the 
fact that the room was made more or less a Btorehouse for 
physics apparatus, it was rarely allowed to be used for any 
other purpose. On the other hand, at the University of 
Toronto, the far-sighted professor in charge of the department 
had seen to it that in the construction of his lecture table 
every wire and pipe bad a connection both above and below 
the floor, so that on an hour's notice it could be removed and a 
piece of flooring already provided be put in place and the 
room tnmed over to the Gerele Francaise. Instead of having 
a fixed blackboard back of the lecture table, he had both the 
board and the i>artltion back of it so suspended that when the 
room was to be used for theatrical purposes, Uiey could be 
raised entirely out of view, thus providing both stage and flies 
for a neat little theatre. The professor also insisted that 
all apparatus be removed from this and the other lecture halls 
at the conclusion of the exercises at which the apparatus was 
used." 

Further, so large an investment tis is represented by the 
grounds and many valuable buildings, and the expensive 
equipment of the modern college plant ought not to permit 
the buildii^ to remain vacant and idle during four months 
of the year. In a few instances, as at Columbia and at Har- 
vard, this is to some extent overcome by summer schools, 
which have the advantage of unusual facilities and equipment, 
and should be made to yield an income. 

There are four general principles in scientific management 
and they are all applicable to a college or to a university; 
but the economies to be attained through them come about 
only through the hearty cooperation of everybody who is 



"PmsT, A Ija»gb Daily Task. 
"Each man In the establishment, high or low, should daily 
have a clearly defined task laid out before him. This task 
should not in the least degree be vagne nor indefinite, but 
should be circumscribed carefully and completely, and should 
not be easy to accomplish. 
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"Sboond, Standard Conditions. 

"Each man's task should call for a foil day's work, and at 
the same time the workman should be given snch conditions 
and appliances as will enable him to accomplish his task with 
certainty. 

"Third, High Pat fob Sdccbss. 

' ' He should be sure of large pay when he accomplishes his 
task. 

"Fourth, IjOSs ttt Case of Failure. 

"When he fails he should be sure that sooner or later he 
will be the loser by it," 

But, it is argued, a college has to do with spiritual and in- 
tellectual development and the higher mental and moral 
attaimnents and interests of life. Undoubtedly this is so, and 
it is jttst what we are aiming to accomplish through scientific 
management, by so readjusting present working conditions as 
to enable the professors and their staffs to grow and have the 
opportunity to consider the higher ideals and properly guide 
the college boys thereto. A high-salaried man should not be 
doii^ those things which a lower-salaried man can do very 
nearly as well. Some one else should do these things for him. 

The term "functional management" is given to that phase 
of scientific management which provides that each man from 
the highest salaried to the lowest shall have as few functions 
as possible to perform. 

Historically, there has been a good deal done in the line of 
functional management since early days. In the old district 
school, one teacher taught everything in the grade. Now, 
even in the elementary schools, the best of them, one teacher, 
who is particularly good at reading, or geography, or music, 
teaches the reading or the geography or the music for several 
grades and often has no other subject to teach. This is, of 
course, the ease in colleges, for the teaching is departmental. 
Now this is nneonseiously the beginning of functional manage- 
ment, although not technically so called. Scientific study and 
the conscious application of the principles of management will 
bring abont still further improvement. 
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Most of the teachers in colleges are men of rare ability who 
have devoted years to training themselvea in a special branch 
of knowledge. It is a matter of supreme importance to tfa^o 
that they should be able to devote every possible minute of 
their valuable time to the use of this training and knowledge. 
Each individoal in an organization should count for his 
maximum. 

Under functional management, a man is protected in the 
performance of the highest kind of work he is competent 
to do and relieved of the things which can be accomplished by 
other agencies. Applied to the college, this functional method 
will mean that the work of any institation will be divided 
into a large number of functions, and that in each of these 
fuQctioas some one person must be supreme. There is a wide 
difference between dividii^ all the work into a certain number 
of positions, the occupant of each position having many func- 
tions to perform, and dividing the work into a certain number 
of functions, with some one person supreme or expert in each 
function. 

Functional management is based on the belief that there 
is one best way to do a given thing. This best way can be 
determined by scientific methods and expressed in complete 
detail in writing as a standard. 

Now how will this help the teacher t Everything must be 
done to conserve his time. The higher his position, the greater 
will be the incentive to do this. One of the principal ways of 
doing this will be in having much of his routine work done 
for him. Undoubtedly the work would not be done quite as 
well as the teacher could perform it, and yet it would pay 
if the time of the professor thus saved could be utilized in 
more important duties, and the direct return to him would be 
his ability to command a larger salary as a result. For in< 
stance, examination papers are often mimeographed or type- 
written. The professor oi^ht not to be obliged to do this 
himself. There should be a recognized department from which 
he is entitied and expected to receive a definite mechanical 
service of that sort. 
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One thing could be done as an entering wedge. Four pro- 
feasors, not necessarily teaching the same sabjects, coold 
arrange together to occapy the full time of a low-salaried 
instructor, who would perhaps do no teaching or lecturii^, 
but would lighten tiieir labors in the line of correcting exam- 
ination papers, tabulating results and marks and keepii^C 
records, and furnishing tbem with carefully written reports 
of the results. He could even conduct examinations, and 
edit and typewrite the professor's notes and lectures, with 
the result that each of the professors would be able to take 
one class more, and would much prefer so doing to carrying 
on the routine work previous burdening them. Such service 
would enable them to possess a broader outlook and consider 
the big things in their respective fields. 

It may be argued that the professor cannot keep in close 
touch with the individual members of his classes and know 
how his classes are assimilating what he famishes them, with- 
out his actually correcting the examination papers. The 
answer is that it is possible for the papers to be returned to 
the professor for his perusal without his beii^ rectuired to put 
himself in the critical mental attitude necessary to detect each 
error and determine and affix the exact percentage of excel- 
lence. On the other band, his mental attitude would be one 
of constructive study and to attain this, a perusal of every 
paper would not be necessary. 

Again, there are many courses that remain practically the 
same from year to year, and which in the presentation require 
special apparatus or much mechanical preparation. At pres- 
ent, most of this is done by the man who delivers the lecture 
or by an assistant who has been trained to do this through 
years of practice. In industrial establishments, more com- 
plicated work than this is frequently done by ordinary work- 
men under written instructions. There is no reason why, for 
each lecture there should not be written instructions in com- 
plete detail, specifyii^ exact locations, etc., with lists of 
apparatus, to be given to a low-salaried man. The man might 
even actually go through the performance of the experiments 
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in order that the time of the professor mi^ht not be wasted 
when he went over them preparatory to the lecture. This 
would relieve the professor of much subordinate work that 
consumes his time. 

In organizing these functional activities, the best pn^ress 
will be made by doing things as gradoaUy as they can be well 
done. It will not he best to require everybody to use a given 
functional agency when it is first started. Duties will be 
willingly relinqnished to th(»e who will discharge them more 
efBeiently, if thereby relief to do larger things is attained. 
A purchasing agent will find his time profitably occupied in 
doii^ the buying for those who are anxious to use his serv> 
ices, particularly if they are impressed with hia efBeiency and 
genuine helpfulness. It will be better for him to make a few 
purchases and make them right, than to force his services on 
those who do not feel that they require them. For the result 
will be that practically every one will turn over the purchas- 
ing to bJTTi within a year or two, without the necessity of Ms 
forcing his services upon them. People are always glad to be 
relieved of trouble. 

Many of the activities of the college are similar to those of 
ordinary business, such ae the buying of supplies for the main- 
tenance and care of buildings, for individual laboratory work, 
the various forms of printing, reports and catalogues, station- 
ery and ofBce supplies. 

The receiving and paying out of money demands an ac- 
counting system as comprehensive as that of many a lai%e 
manufactory or public service corporation. Oftentimes, the 
care of the collie funds is merely a side issue of a man 
whose mind and inclinations are trained along entirely differ- 
ent Maea, along lines of purely intellectual and spiritual pur- 
suits. This, however, is a business matter and should be in 
the hands of a ahrewd, level-beaded and far-aighted business 
man or at least should be handled in a modern business way. 

The trustees want to know what things cost and the average 
institution can give only summaries, and is unable to give a 
correct analysis or a satisfactory comparison with previous 
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yean. There should be a competent officer, who shoold devote 
his entire time to the work, whose bosneas is to study costs, 
to analyze expenditures according to the teaching depart- 
ments. For the teaching departmeDts in a college or mii- 
versity are the equivalent of the manufacturii^ departmenta 
of an industrial enterprise. To each should be charged its 
own direct expense and its proportionate share of all the 
indirect expenses. The entire expenses, direct and indirect, 
including the administration, should be divided among the 
various teaching departments. Such an officer should advise 
department heads monthly as to the amount of expenditures 
under their appropriations, and should have authority to 
prevent expenditure in excess of an appropriation. 

The general features of college life, as the library, the 
chapel and the gymnasium, are operated only because they 
concern teachii^. Following the indostrial custom of chain- 
ing overhead expenses to the various manufacturing depart- 
ments in proportion to the wages paid in those departmenta, 
the net expense of such general features of college life might 
be charged to the various teaching departments in the propor- 
tion of their teaching salaries. 

The dormitories, however, as usually operated are pro- 
ducers of incom& If, however, a fiscal year shows a deficit 
instead of an income from the operation of the dormitories, 
the excess of expense over income may be charged agaiost the 
teaching departments in a maimer similar to the case of the 
library. The expenses of a building may be charged against 
the building and at the end of the year divided among the 
departments using the buildii^ in proportion to the number 
of hours in use. 

The fact should be eBtablished among all departments that 
there most be some relation between expense and the amount 
of work done. At most colleges this can be done by the pres- 
ent accounting staff at no increase in cost 

The typical college building usually has its own janitor. 
There should be a superintendent of grounds and buildings, in 
charge also of the power plant and of all shops, with the re- 
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suit of better service under centralized management. This 
Bnperintendent may have the direction of a corps of janitors, 
resulting in improved service and standard and uniform con> 
didouB of cleanliness. Methods of housekeeping may be care- 
fully and critically studied and scientifically analyzed, and 
the best method for each Mnd of work may be accurately 
described in writing and adopted as the standard. 

Many colleges have dormitories. The average college presi- 
dent has very little idea of the number of helpers really needed 
in the kitchen, the most convenient arrangement of the dining 
rooms, and the most efficient method of carii^ for a large 
dormitory. The result is that if he happens to hire a good 
steward or chef, the dining room may be cared for economic- 
ally and efQciently ; if he has a good superintendent, the sleep- 
ing requisites and supplies may be bought with wisdom. There 
is more likelihood that he will get a poor and indifferent 
employee and the coUege will suffer in discomfort. If from 
scientific study of conditions, certain standards along these 
lines were adopted, it would be comparatively easy to require 
a new steward or manager to accomplish definite results at 
given times with a definite number of helpers. Instead of 
depending on chance, the college would have the accnmulated 
-wisdom of its past, in a definite form, recorded in writing, 
upon which to go ahead and make progress. There would 
then be no necessity for, nor immediate likelihood of aimless 
drifting. Many a man, when given a standard plan, is able 
to work satisfactorily in accord with it, and may even improve 
it. If he depends on his own initiative altogether, he may 
fail entirely or at the best attain only indifferent success or 
the commonplace. 

An industrial establishment has found the services of the 
inspector very helpfal and profitable in maintaining the 
quality of its product. It may be possible that the college 
should have a similar inspecting agency, to attain uniformity 
in dasB-room methods, as to quality of teaching and as to 
class-room discipline, with the motive of quietly averting those 
conditions that might result in serious harm. Such an in- 
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spector might develop methods of training men for the teach- 
ii^ staff, for in man? inatitations most of the assifitants are 
recent graduates withont either the teaching, training or 
experience with the world that would be helpful to them in 
their relations with the students. As standards are adopted 
in a college, it will be necessary to have an agency whose 
special fnnctio& will be to see that soch standards are properly 
formulated and maintained in force. This duty might b« 
assigned to the inspector. 

The development of the function of pnrchadng agent will 
naturally lead to the concentration of supplies of all kinds 
is one central storeroom, from which everything need in all 
departments may be obtained, at a great saving of time, money 
and convenience. 

The economical use of the buildings, the planning whereby 
the various rooms may be utilized each for many more hours 
per day m^ht be one of the duties of the registration depart- 
ment. And in consequence, the registrar should be responsi- 
ble for the planning of the hours of the day when courses are 
to be given, for he has the records indicating the deedres of 
the students as to the courses which they wish to take. If 
rightfully and tactfully handled, many students would be led 
to plan out their courses more intelligently and more con- 
sistently, and the assignment of classes to rooms could be 
more easily handled. 

Among the results of ttie application of scientific manage- 
ment, there will be a more genuine and hearty cooperation 
among the colleges and universities, in the interchange of 
helpful information and data, and even of members of the 
teachii^ staff, who wiU find themselves as much at home in 
the atmosphere of one Institution as in another. Owing to 
the adoption of standard methods and standard records based 
on scientific study, comparisons of costs and efficiencies will 
lead to more intelligent administration and the more effective 
training of men for coping with the practical problems of 
to-day. 
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SCIENTIFIC MANAGEMENT IN THE COLLEGES.* 

BY BABT<B F. PALMER. 
ImrtrnctoT in En^iah, The College of the Gitf of New York. 

The article in Applied Science entitled ' ' The Place of Mo- 
tion Study in Scientific Management," by Frank B. Gilbreth, 
despite eeveral defects in style, is not only an anthoritative 
statement of what motion study is, what it has done and what 
it proposes to do for buainesa ; bat is also a clear and concise 
review of what scientific management itself is. It would seem 
impossible to give a more comprehensive review of the benefits 
attendant opon the introduction of what he calls "func- 
tional" management. The diagrams make this already clear 
exposition lucidity itself. On reading the article one wonders 
why the scheme is not immediately installed, not only in every 
mannfacturing plant, but in every corporation and busiuess of 
whatever kind. It would eeem that as soon as the plan is 
understood, adoption must follow spontaneously. Of course 
the thought comes into every mind to which the idea of scien- 
tific management is new: "This would require ide<U men." 
But even with men as we find them to-day, under the most 
adverse conditions, the scheme has so many advantages that 
one would think it should at least be given a trial. 

Perhaps it is difficult for the average busroess man to get 
the idea termed ' ' functional. ' ' Those interested in any enter- 
prise too may say : ' ' How can four foremen run my eatablish- 
mentt" Or tha proprietor of a smaller concern may declare 
"I can run my whole business myself; why do I want four, — 
let alone eight men around met" Such a man must fail to 
realize that the numbers stand for functions not persons and 
that "9" may stand for 98 or 1998 as well as for one. As 

* An abstraet of the paper b^ Frank B. Qilbieth, wliich is referred 

to by Dr. Fabner, will be found ae an appendix to this article. The 

edibiT wotild enggest to tbose who are not familiar with Mr. QUbreth's 

paper, that tlie abstract be read flrat. 

S17 
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soon 08 the idea of scientific mana^ment gets into the mind 
of any fair, earnest woi^er for the benefit of homanity, it 
must be recognized as the only, because the ideal, way to carry 
on work. Modified of course aa it must be to suit every indi- 
Tidual concern, the plan will be found triumphantly spread' 
ing industrial peace and prosperity in the years to come. 

The place of motion study will be of more or less importance 
depending upon the kind of output contemplated ; but in every 
department it is of far more moment than at first appears. I 
am thinking of it in connection with the work of edacation, 
not humorously as did the author of "Motion Study at Saint 
Catherine's," but seriously with an appreciation of what 
hardship might be saved the tittle boys and girls, the growing 
youths of our country by a carefully conadered plan to ease 
the unnecessary wear and tear of school and college life. 

Because it is far easier to say to a sick man, ' ' Thy sins be 
forgiven thee," than it is to eay, "Arise and walk," the ap- 
pliostion of scientific management to school an'i college will 
he difficult. People are not agreed as to what the product to 
be expected is; they have not agreed on a definition of educa- 
tion. Any one can see whether he has a piano in the house 
or not, but no one can see whether or not a young man's mind 
is properly trained. Just this is the difficulty ; what do yoa 
want college to do for a yoong man ! Ought it to fit him to 
harmonize with his environment, to prepare him to study one 
of the so-called learned profeaaionflT Or is your theory any 
one of the thousand other ideas that are floating about as to 
just what education ist If one knows what the product 
desired is, one might even get it from the collies as they are 
managed to-day; but if one has no idea of what he expects 
from an education, how can he hope to be satisfied even under 
tile most ideal management t If a boy is sent to school to 
learn to read Latin; and if at the end of a certain time he can 
read Latin, but cannot build a steam engine, there ought not 
therefore be a complaint of the failure of this college-bred 
man. 

Though I have said there would be difScuIties in applying 
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Scientific Management to educatioD, it would be interesting 
to apply Mr. Oilbreth's diagram and TOcabolary, not to the 
phase of " education " vtaieh has to do with the boBiness side 
of college life, but with the work of real education itself. 

No. 9 would be the teacher at work in the class of from 
twenty to forty students, whose brains would be the product. 
The teacher must impart instruction, give and record marks, 
etc., etc. In any collie to-day No. 9 would be made up of 
instructors in a large number of subjects, each assigning work 
to his students on the theory that his is the only subject. 
Take the teacher of English composition, for example, who 
meets his class two hours a week. Work enough to take up 
the student's entire time is su^ested. Indeed if the course 
in composition occupies a term of sixteen weeks, the student 
must spend much of his time atudyii^ the theory of com- 
position, examining the work of masters; and he must he con- 
stantly practicing, if he himself is to be able to write, which 
accomplishment ought to be the test of the product. How 
weU must he be able to write! Standardize! Surely we 
shall be "going some" when school and college composition 
is standardized 1 But unfortunately this boy has other things 
to do in this same sixteen weeks. He must study chemistry, 
logic, a foreign language or two, mathematics, physics ; must 
spend time in the gymnasium; attend the meetings of his 
fraternity ; take part in the various college activities and have 
some social life at the same time. Think of the poor brain 
of that boy, the product on which No. 9, the various teachers, 
work. It just hardens to save itself — that's all. He is told 
at the end that he has an education. Nobody knows what an 
education is, as was stated before ; so it is easy to say to a 
boy at the end of four years, "Yon are an educated man 
now." This to my mind is a crime. If scientific manage- 
ment can offer any reform, it will indeed be a happy day for 
the people amot^ whom it is introduced. 

Indeed it woTild seem that the only means of salvation lies 
in the introduction of scientific management. For each of the 
other functions, as marked out in Mr. Qilbreth's diagram, 
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would step in to help solve the problem. Here comes No. 8, 
Mr. Inspector, who is called in college, assistant professor. 
No, he woold have to be more than that, for the assistant 
professor would control only one subject, s^ English, and in 
a college as la^e as the College of the Gily of New York, 
would have twenty men onder him. So the difBcolty grows, 
all the time, because the college of necessity must be divided 
into departments. The trouble is that the student has on^ 
one brain and only twen^-four hours in each day; and if he 
takes work in six departments, he is bound to be swamped 
nnder the present system. It would seem impraotioable to 
ass^ him to only one depBrtment each semester. He would 
never get through at that rate. To return to Mr. Oilbreth's 
terms however: No. 9 must be considered the instructor in 
the department of, — say English ; No. 8 the assistant professor 
in the Ei^lieh Department, who no doubt would be able to 
include functions No. 7, 6 and 5 (it being understood all 
the time, that the departments of music, drawing, phyaies, 
Latin, Greek, Qerman, French, Spanish, Italian, mathematics, 
public speaking, physical instruction, mechanical arts, polit- 
ieal science, philosophy, education, etc., etc., are equipped in 
the same way). 

No. 4, the function of discipline as it appears in the factory, 
has to do only with Nob. 5, 6, 7, 8, 9, and not at all with 
the product. In college that function would be difficult, and 
still confined to each department, but complicated by the fact 
that it must include as well, the product or student body. 
For this reason it ought to include not on^ one but every 
department. No. 3 is usually performed by a special officer, 
called the curator or syndic, with a staff of clerks. This is 
one function which (touches closely the business problem which 
I am not considering at all in this paper. The instruction 
card function 2 is included in the work of the professor. 
Here again is a great problem, because the instructions are 
given to the teacher by the professor in his department, with- 
out any real consideration for what the student has to do in 
the other departments, and must be so given if that subject is 
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to be adequately treated, — wMch it cannot be if the other 
sabjecta are given the treatment that they oaght to receive, 
function No. 1 is also looked after by the professor in each 
department. There is in almost every department a pre- 
scribed coarse. The student most itake certain subjects in a 
certain order, and may elect other subjects in that department 
after a certain grade has been reached. The great problem 
here is not so much the routing in each department as the 
routii^ throi^h the various departments. 

This is the live question in the colleges to-day ; and a long 
article might be written on the way it is failing of solution 
because each head of department feels that the importance of 
his subject demands all the time that has heretofore been 
assigned to it 

Cooperation, coordination, a proper balance in assignments, 
— and incidentally the student's rounded development, — 
would certainly be furthered by the introduction of scientific 
management. 
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I can best describe "TlLe Place of Motion Stady in Scien- 
tdflc Management" by first showing 700 two kinds of manage- 
ment. The first has been called traditional or military man- 
agement, each man being responsible to one man above him 
and in ehai^ of all below him. Traditional management is 
used in military and at times in religions and political organi- 
zations. The division is by men and by grades of men rather 
than by functions. The second plan of management is called 
functional or scientific management Here the division is by 
fonctions, the first functional divisios being the separation of 
the planning from the performing. While each function is 
spoken of as being represented by one person, yet it may 
denote soch a number of individuals as may be necessary. 

The functions in the planning department are: (1) Route 
Clerk and Order of Work Clerk; (2) Instraetion Card Clerk; 
(3) Time and Cost Clerk; (4) Disciplinarian. Those in the 
performing department are : (5) Gang Bobs; (6) Speed Boss; 
(7) Repair Boss; (8) Inspector; (9) Individual Worker. 

Each individual worker comes in touch with eight men or 
departments, not as a servant of eight masters, but as a 
student of eight teachers. 

No. 1. The route clerk plans in advance the path of each 
piece of maiterial as it passes through the shop. His function 
is not simply to look after the details of tiie moving, but to 
determine the entire transportation career of the material. 
Often the route clerk is able greatly to simplify the path of 
materials by rearrangement of machinery. I have had one 
case in my experience where in a woodworking shop it was 
* An BliBtTBCt of a. paper by Mi. Frank B. Oilbretb, read before tbe 
TJniTeiBitj of Toronto Engineering Bocietj, Frid&f, Uarch 8^ 1912. 
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cheaper to have the machinery placed on heavy pieces not 
fastened to the floor and to move it around to accommodate 
the peculiarities of sequence of events of each large order. 
The roate clerk embodies his coDcIosions graphically in route 
sheets and charte, and they are worked out in detail by the 
inatmction card department. 

No. 2. The inatmction card clerk must work out with the 
greatest detail instractioo cards for each part of the work 
represented by the route sheets and charts, to show : first, the 
worker how to perform the particular work shown on the in- 
struction card, and second, the foreman what be is ito see that 
the worker does perform and just what be must teach the 
worker in order that be may perform bis work to conform to 
the instruction card. 

After i&e worker has performed bis tasl^ a return of the 
time his work took, together with the cost, is made to the time 
and cost clerk, No. 3, who figures out the payrolls, the bonuses 
and the cost of performing each task. 

No. 4. The disciplinarian is the man who orders all matters 
pertainii^ to disciplining. He must be a broad gauge man 
and must be able to keep peace in the oi^fani^ation, to antici- 
pate and prevent misunderstandings and to arbitrate fairly 
such disagreements as actually took place. 

The fifth function or first in the performing department is 
that of a gai^ boss. The gang boss of to-day is not of the 
"strong arm" ^e of man, but one who can teach the worker 
methods shown on the instruction card. He must see that the 
worker performs the work in the exact manner and to the 
exact unount required. In order to get bis best work, it is 
usually necessary to pay him a bonus for each man under him 
who in turn earns his bonus, and a double bonus if every man 
in the gang earns the bonus. It is readily seen how such a 
method should bring out cooperation which is essential to 
scientific management. 

The speed boss. No. 6, sees that the machinery moves at 
exactly the right speed called for on the instruction card. 
The speed of a buzz pluier or of a circular saw is dangerous 



>vGoo»^lc 



224 MOTION STUDY HT BOIBNTIFIC MAKAQEMBS'T. 

when too slow. The speed of a flywheel is dangerous whea too 
fast. The most advantageous speed is called for on the in- 
atraction card, and the speed boss most be able to show the 
worker how thia speed may be maintamed. 

The repair boss, No. 7, oot only carries out repairs after 
breakdowns occur, bat by periodic inspection and overhauling, 
prevents as far as possible such breakdowns. 

No. 8. The inspector's work differs from that of the old 
type inspector in that it results in constructive r&ither than 
destructive criticism. The inspector under traditional man- 
agement often comes around after the work has been done, 
condemns it and walks away. It is the duty of the inspector 
under scientific management to stand near the worker hand- 
ling a new piece of work to see that he thoroughly understands 
it. In this way time, labor and maiterial are saved. 

As for the individual worker. No. 9, it will be seen that he 
receives not only an instruction card, telling him what he is to 
do, how he is to do it, how fast he is to do it, the quality of the 
work to be done and the bonas he will receive for doing it, 
but he receives personal teaching. The gai^ boss, the speed 
boss, the repair boss and the inspector are rea<^ to help him 
when needed, and the functional foremen of (the planning de- 
partment are ready, at call, to explain their instructions. 

Having shown the principal functions of scientific manage- 
ment and their relation to each other and to the individual 
worker, we are ready to concentrate on motion study. 

The three most obvious economies to be obtained by motion 
study would be to use (1) the fewest motions, (2) the short^t 
motions and (3) the least fatiguing motions. These, however, 
are but a few of the savings that may be obtained. For 
example, a man should be given the work for which he is best 
adapted, not as in one case that came under my observation 
where the tallest of men performed a task that kept his hands 
almost constantly within six inches of the fioor and where the 
smallest of men asasted in packing boxes in a pile about seven 
feet high. 

Motion study is a part of function No. 2 of the planning 
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department and is an aid in making out the instruction 
card wbich must show how each operation ma? be done 
most economically. With motitm study we filass time study 
which is very intimately related to it. Motion study theo- 
retically is supposed to furnish measurable units for time 
study, but the units are so small that they have not until 
recently been timeable. Now, however, ordinary photographs, 
stereoscopic photographs and motion picture photographs 
enable us to measure various motions with great accuracy. 
The results are quicker teaching, automatici^ of motions and 
less fatigue. These all permit much faster motions. 

There are a great many "variables that affect the motions" 
and I give here a partial list which will give a fair idea of 
what we mean by the term. The variables may be divided 
into three kinds, (1) the variables of the worker, (2) the 
variables of surroundings and equipment, (3) variables of the 
motion itself. Under (1) we have anatomy, contentment, 
creed, earning power, health, temperament, etc., under (2) 
appliances, clothes, entertainment, ventilation, lighting, 
qnality and size of material used, special fatigue — eliminating 
devices, ete., under (3) acceleration, automaticity, combination 
with other motions, cost, effectiveness, foot-pounds of work 
accomplished, length, path, etc. 

The scheme of motion study is to discover perfection and to 
perpetuate it automatically. After having determined the 
r^bt motions, the right times for the motions, and havii^ 
grouped them into cycles, we then determine the amount of 
rest that must be allowed to overcome fatigue. This will give 
us the standard task for the standard man who is the best 
man obtainable. 

Now that we have so much literature on the subject of scien- 
tific management, why is it a fact that the progress has been 
so remarkably slowt The answer is that many people who 
are thoroughly familiar with the functions and duties of the 
men and of the various departments are not familiar with the 
pitfalls that are ever present As has been said before, the 
entire scheme is dependent upon the hearty cooperation of 
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everybody in the organization, and workmen have been de- 
ceived BO many times in the paat that they are nstnrally 
sospicious and feel that scientific management mnat be 
smothered while it is still youi^. Again, it may he that 
the reason why the benefits of learning the right motions at 
first are not recognized is becanse l^e teachers do not know 
what the right motions are. On the other hand there has 
never been a case where scientific management has been pat 
in properly that all the workmen did not realize that it was 
the best form of management for them. 

Now that there have been many snccessfnl demonstrations 
of scientific management where workers receive much higher 
wages than ever before and where costs of production are 
lower than ever before, it seems unfortunate that the terrible 
wastes that are going on under traditional management should 
continue, and I hope that this nniversity will consider seri- 
ously the study of scientific management, not only for the 
education of the yoni^ men who are going ont in the world 
as engineers, but also with the idea of establishing a station 
for the collection of motion stndy and time study data, 
working in cooperation with similar colleges in the United 
States and Canada and also with various oi^anizations who 
are doing good work towards investigating and disseminatiog 
information regarding scientific management, particularly the 
Society to Promote the Science of Management. 

The problem is too great for any one firm, corporation, or 
college; in fact, this is work in which all English-speaking 
nations should unite as we have already done in our investiga- 
tions of matters pertaining to medicine, agriculture, and the 
animal industries. 

I hope to see an international bnrean for the study, for 
the collection, study, cataloguing and dissemination of data 
relating to scientific management, that the workmen of all 
countries may be benefited and that unnecessary wastes may 
be eliminated. 
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